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Abstract 
Lirmt<'(l data rxrsts for propeller and wind turbine post stall aerodynamics. Post stall aero-
dynamics \\ ~ observed in small propellers at low Reynolds numbers. First. performance data 
(t hrust . powN, and efficiency) of set variable pitch propellers was acquired in a wind tunnel. 
Th<' prop<'llers were 6 to 9.9 inches in diameter and were able to pitch to extreme angles. 
St'cond detailed geometric characteristics (pitch, chord, airfoil) of the propellers were mea-
surPd. Finallv, PROPID was used to simulate the propellers and predict the performance. 
Comparing the experimental and calculated results identified regions where post stall aero-
dynamics affected propeller performance. This understanding will assist in predicting post 
stall aerodynamics on small scale propellers. In addition three small propellers with tiplets 
similar to winglets on wings were tested and compared to traditionally tipped propellers. 
This comparison showed better designed traditional propellers were more efficient, but that 
t tpl<>ts improvl'd performance of the specific propellers. 
iii 
DC'dicated to my loving parents who led me to explore the world. 
IV 
Acknowledgments 
Th(• guidance and ideas of my advisor, Dr. Michael Selig, led me to understanding the 
prinnples of propeller aerodynamics and finding the results. I want to thank those who laid 
t lw ground \\'Ork for UIUC propeller testing including but not limited to: John Brandt and 
K1an Tehrani. Additionally Rob Deters helped significantly in setting up the experiment and 
making sure everythmg functioned at the wind tunnel. Keerti Bhamidipati answered my 
many questions about brushless motors , speed controllers, propellers and helped me greatly 
whm the speed controller failed . Help from Greg Sabina made it possible to develop and 
PX<'<'Ut<' the techniques for slicing the propellers to obtain their geometry. r--Iany thanks to 
Virginia for her support and proofreading during the stre s of testing and finishing. Heartfelt 
thanks to all those listed and many more who helped me complete my experiments, gather 
tlw data. run the calculations and gather the thesis together. 
v 
Table of Contents 
Lis t o f Tables 
List of Figures 
N om encla ture . 
Cha pte r 1 Introduction 
Chapter 2 Experimental Setup 
2.1 'Wind Thnncl Facility . . . . 
2.2 Setup . ..... . ... . . . 
2.2.1 Thrust ~Jeasurement 
2.2.2 Torque Measurement 
2.2.3 P ropeller Speed Measurement 
2.2.4 Freestream Flow Measurement . 
2.2.5 Addit ional Experimental Equipment 
2.3 Data Acquisition System .. 
2.-l Experi mental Procedure .. 
2 . .1 .1 Experimental Setup . 
2.-1. 2 Cali bration .... 
2.4.3 Testing Procedure. 
2.5 Data Reduction . . .. . 
Chapte r 3 Data Validation 
3. 1 Rr pratability of ~feasurements 
3. :Z Propeller Measurement Techniques . . . . . . . . . . . . 
Chapter 4 P rediction of Propelle r P erformance . . . . . 
•1.1 BEMT and PROPID . . . . . . 
-1.2 Ca lculating Airfoil PNformance . .. . . ..... . .. . 
Chapter 5 Variable Pitch Propeller P erformance and Analysis 
.S. l ExpNimental Results . . . . . . . . . . . . . . . . . . . . 
5.2 Compnrison to Predicted Results ... . . . . . .. . . . 
5.:~ Comparison to Predicted Rctiul ts with Post Stall l\lodcls 
Vl 
viti 
lX 
xiv 
1 
5 
5 
6 
7 
8 
9 
10 
11 
11 
12 
12 
14 
15 
16 
18 
18 
22 
26 
26 
27 
28 
2 
74 
5 
Chapter 6 Propeller Tiplet P erformance Comparison 
6 I Experimental Results 
6.2 ObsC'rvations ..... 
Chapter 7 Conclusions . 
7 1 Future \Vork ..... 
Appendix A Tabulated Measured Geometry . . . 
Appendix B Tabulated Static P erformance Data 
Appendix C Tabulated P erformance Data 
Appendix D References . . . . . . . . . . . 
Vll 
..... 91 
92 
110 
.... 111 
... .. 112 
115 
133 
142 
187 
List of Tables 
6.1 List of Propellers Tested to Compare Tiplet Performance . . . . . . . . . . . 91 
Vlll 
List of Figures 
1.1 Ramoser varioPROP propeller blades: 6.0D , 7.0D , 7.9D , 8.1D, 8.9D, 9.9D , 
7. 1G , .OG, 9.7SG. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1.2 The Great PlanesTM PowerFlowTM tiplet propellers (10x 3.5, 10x 4.5, 11 x 4.5 
2 1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
3.1 
3.2 
3.3 
3.4 
3.5 
3.G 
3.7 
3 
shown top to bottom). . . . . . . . . . . . . . . . . 4 
Sketch of UIUC 3 ft by 4 ft wind tunnel (Ref. [1]) .. 
Test apparatus viewed from above (Ref. [2] and [3]} .. 
The motor housing and torque cell on the test rig. . . 
RPI\1 measurements used the photo sensor on the motor housing (Ref. [3]). 
The close up of the photosensor and the tape on the propeller used to control 
reflectivity ................... ... ... ..... .. . . 
The test setup pictured during a run. . . . . . . . . . . . . . . . . . . 
Calibration setup showing the locations for torque and thrust weights 
Static pm:ver coefficient comparison for the APC 10 x 4.7 propeller. 
Static t hrust coeffi cient comparison for the APC 10x 4.7 propeller. 
Power coeffi cient comparison for the APC 10x 4.7 propelJer. 
Thrust coefficient comparison for the APC 10x 4.7 propeller. .. . 
Efficiency comparison for the APC 10x4.7 propeller. .... .. . 
A scan of the blade cross section with the points resulting from the spline. 
Ramost'r Technik + Design varioPROP .1 ·D ' propeller geometry from two 
difiNcnce slices Mel PropellerScanner. . . . . . . . . . . . . . . . . . . . . . . 
Rnmoser Technik + Design varioPROP 9.9 and 7.0 'D' propeller geometry 
6 
7 
8 
9 
10 
13 
15 
20 
20 
21 
21 
22 
23 
24 
comparison. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
5. 1 Rnmoscr Tcchnik + Design 6.00 varioPROP efficiency curves at three 75% 
pitch set lings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
5.2 Rmnoscr Tcchnik + Design 6.00 va-rioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
s.:3 RRmoscr Tcchnik + Design 6.0D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
5.t1 Rarnoser Technik + Design 6.0D varioPROP static thrust coefficient curves 
1:1t three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
5.5 Ramoscr Technik + Design 6.0D vru·ioPROP static power coefficient curves 
at thrcr 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
ix 
5 6 Ramoser Technik + Design 7.0D varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
5.7 Ramoscr Technik + Design 7.0D varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
5 Ramoser Technik +Design 7.0D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
5.9 Ramoser Technik + Design 7.0D varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
5.10 Ramoser Technik + Design 7.0D varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
5.11 Ramoser Technik + Design 7.1G varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
5.12 Ramoser Technik + Design 7.1G varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
5. 13 Ramoser Technik + Design 7.1 G varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
5.14 Ramoser Technik + Design 7. 1G varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
5.15 Ramoser Technik + Design 7. 1G varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
5.16 Ramoser Technik + Design 7.9D varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
5.17 Ramoser Technik + Design 7.9D varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
5. 18 Ramoser Technik + Design 7.9D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
5. 19 Ramoser Technik +Design 7.9D varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
5.20 Ramoser Technik + Design 7.9D varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
5.21 Ramoscr Technik + Design 8.0G varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
5.22 Ramoscr Technik + Design .OG varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
5.23 Ramoscr Tcchnik + Design 8.0G varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
5.24 Ramoscr Technik + Design 8.0G varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
5.25 Ramoscr Technik + Design 8.0G varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
5.26 Ramoscr Technik + Design 8. 1D varioPROP efficiency curves at three 75% 
pitch settings .................... · · · · · · · ........ . . 54 
S. 27 R ~cunoser T<'Chnik + Design 8. 10 varioPROP thrust coefficient curves at three 
7r:OI . I . v 1o p1tc 1 scttmgs . ............. · ...... ........ ... . 55 
X 
5.2 Ramoser Technik + Design 8.1D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
5.29 Ramoser Technik + Design 8.1D varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
5.30 Ramoser Technik + Design 8. 1 D varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
5.31 Ramoser Technik + Design 8.9D varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
5.32 Ramoser Technik + Design 8.9D varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
5 33 Ramoser Technik + Design 8.9D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
5.34 Ramoser Technik + Design 8.9D varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
5.35 Ramoser Technik + Design 8.9D varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
5.36 Ramoser Technik + Design 9. 7SG varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
5.37 Ramoser Technik + Design 9.7SG varioPROP thrust coefficient curves at 
three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
5.3 Ramoser Technik + Design 9.7SG varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
5.39 Ramoser Technik + Design 9. 7SG varioPROP static thrust coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
5.40 Ramoser Technik + Design 9. 7SG varioPROP static power coefficient curves 
at three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
5 . ..J 1 Ramoscr Technik + Design 9.9D varioPROP efficiency curves at three 75% 
pitch settings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
5 42 Ramoser Technik + Design 9.9D varioPROP thrust coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
5.·13 Ramoscr Technik + Design 9.9D varioPROP power coefficient curves at three 
75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
5.·1·1 Rmnoser Tcchnik + Design 9.9D varioPROP static thrust coefficient curves 
nt three 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
5.45 Rarnoser Tcchnik + Design 9.9D varioPROP static power coefficient curves 
at thrC'c 75% pitch settings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
5.·16 Th(' three types of geometry for the Ramoser Technik + Design propellers 
lll CEISUrCcl a.L high pitch ............. · · · · · · · · · · . · · . . . . . 74 
5.H The ba..o.;rlinc lift curve slope for 5 positions for the Ramoser 9.9D varioPROP 
at J = 0.8, tlQOO RPJ\I , and high pitch. . . . . . . . . . . . . . . . . . . . . . . 75 
5.·18 C'ornpnrison between calculated and experimental efficiency for the Ran1oser 
Technik + Design 8.0G va.rioPROP at three 75% pitch settings. . . . . . . . 76 
5. 19 Comparison between calculated and experimental thrust coefficient for the 
Hmnoscr Technik 1- Design 8.0G varioPROP at three 75% pitch settings. . . 77 
XI 
5.50 Comparison between calculated and experimental power coefficient for the 
Ramoser Technik + Design 8.0G varioPROP at three 75% pitch settings. . . 78 
5.51 Comparison between calculated and experimental efficiency for the Ramoser 
Tcchnik + Design 9.7SG varioPROP at three 75% pitch settings.. . . . . . . 79 
5.52 Comparison between calculated and experimental thrust coefficient for the 
Ramoser T<'Chnik + Design 9.7SG varioPROP at three 75% pitch settings. . 80 
5.53 Comparison between calculated and experimental power coefficient for the 
Ramoser Technik + Design 9.7SG varioPROP at three 75% pitch settings. . 81 
5.54 Comparison between calculated and experimental efficiency for the Ramoser 
T<.'Chnik + Design 9.9D varioPROP at three 75% pitch settings.. . . . . . . . 82 
5.55 Comparison between calculated and experimental thrust coefficient for the 
Ramoser Technik + Design 9.9D varioPROP at three 75% pitch settings. . . 83 
5.56 Comparison between calculated and experimental power coefficient for the 
Ramoser Technik + Design 9.9D varioPROP at three 75% pitch settings. . . 84 
5.57 The local angles of attack for Ramoser 9.9D varioPROP at the medium and 
h1gh pitch setting for increasing advance ratios . . . . . . . . . . . . . . . . . 85 
5.5 The local angles of attack for Ramoser 9.9D varioPROP at the medium and 
high pitch setting for increasing advance ratios . . . . . . . . . . . . . . . . . 86 
5.59 The stall delayed lift curve slope for 5 positions for the Ramoser 9.9D vario-
PROP at J=O. , 4000 RPM, and high pitch. . . . . . . . . . . . . . . . . . . 87 
.5.60 Comparison between calculated and experimental efficiency for the Ramoser 
Techmk + Design 9.9D varioPROP at three 75% pitch settings. . . . . . . . 88 
5. 61 Comparison between calculated and experimental thrust coefficient for the 
Ramoser Technik + Design 9.9D varioPROP at three 75% pitch settings. . . 89 
5 62 Comparison between calculated and experimental power coefficient for the 
Ramoser Technik + Design 9.9D varioPROP at three 75% pitch settings. . . 90 
G.l A close up of the the Great Planes PowerFlow tiplets. . . . . . . . . . . . . . 92 
6.2 Gn'at Planes 10x3.5 PowerFlow front and side view and plotted geometric 
clw racteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
6 3 A PC' 10 x 3. Slo-Flyer front and side view and plotted geometric characteristics. 94 
(j •I Cn•a.L Planes 10x3.5 PowerFlow efficiency curve comparison at 6000 RP?-.1. . 95 
G.G Gn'a.t Planes 10x3.5 PowerFlow thrust coefficient comparison at 6000 RPM. 95 
(j (j Great Planes 10x3.5 PowerFlow power coefficient comparison at 6000 RPI\1. 96 
G 7 G n•a t Planes 10 x 3.5 Power Flow static thrust coefficient comparison. 96 
u.S Gn•at Planes 10x3.5 PowerFlow static power coefficient comparison. . . . . . 97 
() 9 C:n'nt Planes l0x4.5 PowcrFlow front and side view and plotted geometric 
chnrnrlcristics. . . . . . . . . . . . . . . . . · · · · · · · · · · · · · · · · · · 9 
G 10 A PC 10 x ..J.. 7 Slo-Flyer front and sidc view and plotted geometric characteristics 99 
G II C:n'at Pla nes lO x 1.5 PowerF\ow efficiency curve comparison at 6000 RPl\1. . 100 
G. l2 Cn•at Pla tws 10x ·L5 PowerF\ow thrust coefficient comparison at 6000 RPI\1. 100 
G. J:3 C:tt•nt Pl~:~nrs 10x4.5 PowcrF\ow power coefficient comparison at 6000 RPI\1. 101 
G. l ·l C:n•nt Planes 1Q x.t.5 PowerFlow efficiency curve comparison at 4000 RPI\1. . 101 
G. l0 C:n'nt Planes 10x4.G Pow('rFlow thrust coefficient comparison at ·1000 RPI\1. 102 
Xll 
6 16 Gn'at Planes 10x 4.5 PowerFlow power coefficient comparison at 4000 RPM. 102 
6 17 Great. Planes 10x 4.5 PowerFlow static thrust coefficient comparison. 103 
6 1 Gn'at Planes 10x 4.5 PowerFlow static static power coefficient comparison. . 103 
6.19 Great Planes 11 x 4.5 PowerFlow front and side view and plotted geometric 
characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
6.20 APC 11 x 4.7 Slo-Flyer front and side view and plotted geometric characteristics105 
6.21 Grcat Planes 11x4.5 PowerFlow efficiency curve comparison at 5000 RPM .. 106 
6.22 Great Planes 11 x4.5 PowerFlow thrust coefficient comparison at 5000 RPM. 106 
6.23 Grcat Planes 11 x4.5 PowerFlow power coefficient comparison at 5000 RPM. 107 
6.2-1 Great Planes 11 x 4.5 PowerFlow efficiency curve comparison at 3000 RPM. . 107 
6 25 Great Planes 11 x 4.5 PowerFlow thrust coefficient comparison at 3000 RPM. 108 
6.26 Great Planes 11 x 4.5 PowerFlow power coefficient comparison at 3000 RPM. 108 
6 27 Great Planes 11 x 4.5 Power Flow static thrust coefficient comparison. 109 
6 2 Great Planes 11 x 4.5 PowerFlow static power coefficient comparison. . . . . . 109 
xiii 
Nomenclature 
Symbols 
Gpo 
fl 
p 
(j 
Q 
R 
RC' 
T 
2-D drag coefficient 
2-D lift coefficeint 
maximum 2-D lift coefficeint 
power coefficient 
static power coefficient 
thrust coefficient 
static thrust coefficient 
propeller diameter 
advance ratio 
propeller rotational speed (revs/sec) 
power 
atmospheric pressure 
dynamic pressure 
torque 
propeller radius or ideal gas constant for air 
Reynolds number 
thrust 
air temperature 
Xl V 
1J 
p 
n 
velocity 
angle of attack 
efficiency 
air density 
propeller rotational speed (RPM) 
Abbreviations 
BE~ IT 
CUI 
RP~l 
UIUC 
Blade Element fvlomentum Theory 
Graphical User Interface 
Rotations Per Minute 
University of Illinois at Urbana-Champaign 
XV 
Chapter 1 
Introduction 
mall ~calt> propeller performance i~ difficult to predict in part because of the small Reynolds 
numb('rs. Post stall lift further complicates the modeling of propeller performance. Experi-
mental data helps improve the modeling of small scale propellers and allows better propellers 
to b<> designed. 
Blade Element ~!omentum Theory (BEMT) quickly predicts propeller performance. The 
ba."lis of BEMT is commonly available 2-D airfoil performance data from either experimental 
or computational results. It also allows each section of the propeller or wind turbine to 
be designed and optimized using a computer code such as PROPID [4]. However, BEMT 
method has limited accuracy when the 2-D airfoil is at angles of attack beyond stall. Partic-
ularlv at lower advance ratios the performance is under predicted by BEMT because of the 
post stall behav1or of the blades. Instead of the assumed 2-D airfoil flow, the flow actually is 
much more complicat rd with significant radial components. Wind turbine investigations by 
Tan~lcr anti Kocurek [51 luwc shown significant post ' tall lift . Using an instrumented rotor 
with numerous prrssurc taps along the blades, local C1 was found. From the pressure taps 
and computational data tlwy postulated that a second standing vortex developed behind the 
rotor blade. This vortex acted as an endplatc, increasing the lift generated by the inboard 
sections. 
llimnwlskamp discowrrd the rffcct of propeller airfoil sections performing better than 
2-D pn·dictions in 1915 [6J. Thr pfff'Ct normally corresponds to better than predicted 
propPllN pt'rfonnnuce at low advnncc ratios such as takeoff. The takeoff ca e is benign, but 
wh<'n low advanc<' ratios correspond to peak loads the extra performance becomes important 
1 
to undt>rstand. Large tilt rotor aircraft propellers operate at low advance ratios and under 
hl'avv loads in vertical ascents and additional performance in this case may exceed structural 
limits [7 Stall regulated wind turbines peak aerodynamic performance prevents the system 
from generating excessive torque and exceeding the design limits. Additional performance 
at low advance ratios can cause damage to a wind turbine (citenrel and [8]). Modern needs 
<tn' drivmg a more detailed investigation of an effect discovered over 60 years ago. 
A number of studies and techniques have been developed to cope with the post stall 
rffrc ts. ~~o~t oft hr tC'chniquC's wNr dcvelopC'd and arc used within the wind turbine industry. 
Snd [9] developed a method that combines inviscid (no stall) with experimental viscous data 
to e~tirnatc the airfoils 3-D performance. \\'ithin PROPID Selig [10] implemented a number 
of post stall models to estimate post stall aerodynamics. These estimates have been useful 
to brt tcr model wind turbines. 
For propellers, Gur and Rosen [11] took existing propeller test data and applied BEl\lT 
to predict the performance. The basic predictions with 2-D airfoil data had good accuracy at 
higher advance ratios but under predicted performance at lower advance ratios. By applying 
rom'ct ions based on Snel [9] the correlation between the predicted and actual test data at 
low a<h·ancc ratios improved. 
Tlw C'xisting work has been for large turbines or propellers. Gur and Rosen [11] test 
clat a canw from a 5.33 ft diameter propeller. The rotor used by Tangier and Kocurek [5] 
has a dimnelC'r of 33 ft. These airfoils operate at higher Reynolds numbers, while this 
inwstigation dNtlt with 6 to 10 in . diameter propellers. This corresponds to most Reynolds 
m11nlwrs under LOO,OOO. Inboard sections had values below 20,000. At these values airfoil 
prrformancc, pnrt irularly drag, is significantly dependent on the Reynolds number. 
I 11 this expNim<'nt a st't of similar shaped pitchable propellers was used to investigate 
t lw post stall <•ffl·cts. The prop<'llers had 6 to 10 in. diameters, two types of tapering, and 
sl'Ltnblt· pitch. TIH' propellers blades <He shown in Fig. 1.1. The propeller pitch was set to a 
low, nH'clium nnd high s<' tting. Each time the pitch at 75% radius was recorded. The static 
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Figun• 1 1. Ramoser varioPROP propeller blades: 6.00, 7.00, 7.90, 8.10, 8.90, 9.90, 7.1G, 
' OG . 9 7SG 
p<'rfonnance data was recorded for a range of RPM settings. Performance data was also 
rccordl'd over a range of advance ratios at a few RPl\1 settings by varying the wind tunnel 
speed. 
The propellers were measured by cutting each blade at approximately every quarter inch. 
Tlw geornet ric data was used to generated predicted performance using PROPID. This data 
wa.-; compared with the experimental data to show where post stall airfoil performance 
::.ignifkaut ly affects propeller performance. 
Additionally, a few propellers with small tiplets on the ends of the blades were compared 
to two control rases. Figure 1.2 shows the propeller blades with tiplets. The manufacturer 
of tht-sP blades, Great. Plancsn' daimr<i thr tiplcts improved performance [12]. The first 
control case was a similarly sized an<i pitched APC propeller. The APC propeller allowed 
tlw comparison to a direct competitor designed to operate without any tiplets. The other 
ront rol C'ase was the tiplet proprller with the tiplC'ts rernO\-ed. The resulting comparison 
:-.huw!•d how t II<' t ip!Pts affected the sprrific propeller performance. 
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Figun• 1.2: Thr Great PlanesTI\t PowerFlowTI\f tiplet propellers (10x 3.5, 10x 4.5, llx4.5 
shown top to bot tom). 
Chapter 2 
Experimental Setup 
The t•xpt>rimmtal setup was developed by Brandt [2] and Tehrani [3). To test the selected 
propt>ller~ t ht• te~t a pparatus needed no modifications. This chapter outlines the capabilities 
of tht• IUC wind tunnel and propeller test instrumentation. 
2.1 Wind Thnnel Facility 
UIUC::-. lov. speed wind tunnel facility seen in Fig. 2.1 , has a small propeller test apparatus 
for use in the open return wind tunnel. The test section is 2.8 ft (height ) by 4.0 ft (width) 
by ' ft {lt'ngt h) A 125 hp AC motor power!:> the tunnel with flow speeds up to 235 ft /sec. 
For the propl'lll'r testing the ma..ximum speed was limited to 0 ft/ sec [3. 13] . A honeycomb 
laypr I inches t h1ck at the inlet along with four additional screens minimizes turbulence to 
incn·a~t· t hl' flow quality. The measured turbulence in the UIUC wind tunnel was found to 
hP less t ht'n 0.1 <x in Reference [1]. 
5 
Test Section 
Silencer 
Figure 2.1: Sketch of UIUC 3ft by 4ft wind tunnel (Ref. [1]). 
2.2 Setup 
To obtain the experimental propeller performance characteristics (Cr and Cp vs. J) the 
following quantities were measured in the wind tunnel experiment: 
• fre('strcam velocity (ft jsec) 
• prorwliN rot a t ion rate (RP~I ) 
• torque ( o~/in) 
• thrust (lbs) 
Thrust and torque were mea.o.;ured using the experimental test rig. The rig (see Fig. 2.2) 
conststed of a rotatable ann holding the motor, torque cell, and propeller in the center of 
the t unn<•l. TlH' rot at able arm extcndrd above the tunnel to a lever arm that translated the 
forre from t IH• propeller to a load cell outside the tunnel. A symmetric fairing was used to 
reduce the• drag ou t hr support rigging. Drag on the rigging would decrease the measured 
I hrust. a nd limit the nccHrnC\' of t.h<' experiment. 
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Figure 2.2: Test apparatus viewed from above (Ref. [2] and [3]). 
2.2.1 Thrust Measurement 
Tlw thrust fmc<' was t ranslaled into tension on top of the tunnel. The tension was then 
tTH'a.sured by an Int erface S~l-10 load cell with a capacity of 10 lbs. The moment arm was 
sd ectPd to allow thr thrust to be measured with enough rc~olution while not overloading the 
load cell . The moment arm was srtta.blc in l-inch increments from 3.75 inche~ to 12.75 inches 
hy pinning tlw load cell in different holes. 
Tllr load cl'll voltage was calibmtcd in the selected hole before testing and the voltages 
throughout thl' tt•st were recorded by a computer for future use. The fairing protected the 
support arm from unintended drag measurements that would influence the thru t mcasurc-
lllc>nt . v\'it hout :.;uch a. fairing dmg from the wind tunnel freestrcam flow as well as the 
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Figure 2.3: The motor housing and torque ceH on the test rig. 
propeller slipstream would have affected the thrust measurement. 
2.2 .2 Torque Measurement 
The torque applied by the motor was measured directly between the suppor t arm and the 
housing for I he motor and propeller. This allowed the torque to be measured independently 
of the thrust . Figure 2.3 shows the torque transducer sit uated between the motor housing 
and suppor t arm. In order to account for different. propeller sizes and pitches resulting in 
different 1 orquc amounts, two torque cells were used. Tra nsducer Techniques® manufactured 
the RTS- 100 and RTS-25 to measure up to 100 oz-in and up to 25 oz-in respecti\'ely. The 25 
oz-in was sufficit' nt for tht> Ramost>r Terhnik + Design vn.rioPROP propellers less .9 inches 
in di aml'l<'r at a ll pi tch settings. For the larger varioPROP propellers with .9, 9.7 and 
9.!) inch d inmet('rs the 100 oz- in transducer was used for the ma..ximum pitch setting. The 
largrr transducer was a lso used for the Great. Planes Power Flow® propellers since they had 
10 and 11 inclws diameters. 
Figun• 2.1: RP~t measurements used the photo sensor on the motor housing (Ref. [3]). 
2.2.3 Propeller Speed Measurement 
Prop<'ller rotation was measured using a reflective sensor manufactured by Honeywell (Part 
HOAll 0-002). The sensor, pictured in Fig. 2.4 , measured at 20,000 Hz for 0.75 seconds. 
Tlw phototransistor sensor has a continuous infrared diode nc..\.1: to it so a reflective surface 
pa-ssing the sensor triggers the device. The sensor was positioned just to the side of the 
prop('llcr hub. The hub was covered in black electrical tape with a small patch of reflective 
aluminum tape. An example of this taping method can be seen Figure 2.5. The aluminum 
tnpt• wa.-.; highly reflrctivr and increased the difference between a non-reflective surface and 
a rdlt-rti ve surface. Each time the reflective area passed the sensor, it would be triggered 
and count a rotation. 
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Sensor 
Figure 2.5: The close up of the photosensor and the tape on the propeller used to control 
r0ftcrtivitv. 
2.2.4 Freestream Flow Measurement 
To measure the free stream flow speed, a pitot probe was u ed. The probe was placed 25.25 
inches up st.n•<un of t,hc propeller Lest rig. It was 5.25 inches above the '-Vind tunnel floor. 
The probe mca:mrcd t.he dynamic pressure in the wind tunnel. 
TcmpPrat.me and ambient, pressure were needed to calculate the flow velocity. An Omega® 
GTMQSS T -Lyp(' thermocouple was placed on the inlet. of the wind tunnel to measure tern-
pent! ure. An ambient pressure probe in <l neighboring room measured ambient air pressure. 
Ty!!,on Laboratory R-3603 tubing connected the l.wo pressure probes to a pressure transducer. 
Th<' tubing wa,.., connect.erl to either n 1 torr (l\IKS 220DD), or a 10 torr (MKS 221BD) pres-
10 
sun• t mnsd ucer. The 1 torr transducer resulted in more resolution at lower speeds (less 
then ·10 ft/s<'c) and the 10 torr transducer allowed higher speed flow to be measured . The 
propdlt•r mduced inflow velocity affected the speed of the flow at the probe so a correction 
wH.'i npplit•d to ovPrcome this error. The flow speed correction techniques are discussed in 
detail in Refrrcnccs [2, 3J. 
2.2.5 Additional Experimental Equipment 
Additional it('ms were used to complete the test setup. An AstroFlight 020 brushless motor 
wa:-; ust•d to drive the propellers. It was rated to 200 watts and was capable of 20,000 RP~I, 
but wtth the integral gearbox the maximum RP\1 was significantly less. For large propellers 
it WH.'> rapa.blr of only 400Q-5000 RPM, while for small propellers it was capable of 6000-
7000 HP:\1. were A 25 amp speed controller manufactured by Castle Creations was used to 
regula!<• the motor RP~I. Power to the system came from a BK Precision® Model BK1692 
pov .. ·ct supply. These items powered and regulated the propeller speed throughout the tests. 
To n•gulate the speed controller, a ServoXciter, manufactured by Vexa Control, was used 
to gcm•ratr servo pulse , ... ·idths that are u ed by the speed controller. The ServoXciter was 
ronnpcted to a computer throngh a digital to analog converter to control the propeller RPM. 
2.3 Data Acquisition System 
Dn.ta was n•cordPd using a ational Inst ruments analog-to-digital board connected to a 
J><'rsonal com1mtt'r. The Hi-bit model, PCI-6031E, had 32 input channels and 2 digital-to-
analog out puts. The converter achieves a high accuracy of ±0.305 m \' on a ±10 V full 
rang<>. Lab VH'wTl\l software was used to construct a graphical interface and underlying C 
('ock• for controlling thr experiments. The intt'rface a llowed the opera tor to set a variety of 
pamnwt t'rs in Pach rxp<•rimcnt, monitor t h{' da ta in real time, and record the data for future 
us<'. As llH' III iont'd lwforc t.hc propeller RP~l was sampled at 20,000 Hz due to its high 
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spt'(.'d. Tlw thrust, torque, temperature and pressure (ambient and dynamic) were sampled 
at a lowt>r 3.000 Hz. The propeller RPM was sampled first followed immediately by the 
second slowrr sampling of the other items. 
2.4 Experimental Procedure 
A procedur<' outlined how the experiments were operated. Setup for hardware and software 
as well I\.'> calibration techniques had been developed through previous years of testing and 
wa:-. continued with this set of experiments. The wind tunnel test rig was installed to match 
previous IPsts and wired in place. Before the tests, weights were used to calibrate the load 
cell and tiH' torque cell. The pressure transducers were factory calibrated due to the difficulty 
of reliably g<'nrrating such low pressures for in house calibration. 
2.4.1 Experimental Setup 
Thr major moclificat ion to the wincl tunnel trst section wM the addition of a specialized 
ct>iling. The ceiling held the test rig consisting of a load cell on the top of the tunnel and 
the pror><'ller and torque cell suspended in the center of the wind tunnel. Once the ceiling 
\S..'<\.<; in place. tape wa..-; used to seal any gaps between the wall, floor and ceiling panels. This 
prevenkd cur from leaking into the test section. 
Tlw fairing surrounding the vertical support shaft was attached to the ceiling with two 
holts. A II\' forr<'s <'xrrted on the fairing by the flow (drag) were not translated to the thrust 
m<•a..-;ur<·nwnl . The vert ira! support inside a shaft within the fairing translated the thrust to 
tlu• load c<·ll loratrd above the wind tunnel. Wires connecting the motor, torque transducer 
and reflcctiw sensor ran up the ::;haft to the top of the tunnel. On top of the tunnel, a load 
('<'II to UH'IUillr<' thrust \W\-S pinned to the lever arm. The whole device was secured to t he 
top of t.lw t uuncl usiug clnmps. 
Tlw win·s from t h<' top of the tunnel were connected to a signal conditioner through 
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Figure 2.6: The test setup pictured during a run. 
a patch board . The signal conditioner amplified the voltages and provided an excitation 
voltage. The load a nd torque cell were amplified with a gain of 100 and a excitation voltage 
of 10 V. The thermocouple had a gain of 1000 and no excitation voltage. 
Tlw lower end of the lever arm held the motor housing and torque celL The torque cell 
was attached between the motor housing and the supporting arm allowing it to measure 
th<' torqur produced by the motor directly. The motor housing held the reflective sensor, 
the motor and the propeller. Wires connecting those devices were carefully positioned with 
slack to minimize nny influence on torque readings. Once the motor housing was properly 
attached , th<' load cell was 1\ttached to the appropriate hole on the top of the wind tunnel. 
ThP load ('('II ouly operated under compression so a weight was added to keep the cell under 
a constant load . Through zeroing the load cell before each run, this virtual thrust did not 
affect till' r<'adings. Figure 2.6 shows the experiment setup during a test run. 
TlH' pitot probe was positioned in the floor of the tunnel, upstream of the propeller. 
Fom (two primary and two backup) differential pressure sensors measure the pressure. For 
low SJW<'d ruuii , Lhl' 1 t.orr t.rn.usduccrs were used, while for higher speed testing the 10 torr 
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t mnsducNs Wt'n' used. Each transducer requires four hours to warm up for accurate readings. 
The dat n acquisition board was connected to each of the required components and the 
computer. The computer software was started to verify the many connections and run checks 
on t h<' mputs and outputs. 
2.4.2 Calibration 
Cali brat ion ensured high quality data was recorded by the sensors. The load cell that 
mca. .... ured propt>ller thrust and the torque cell that measured motor torque were calibrated 
regular!)-· (at least every 48 hours). The thermocouple and ambient pressure were compared 
to additional sources for temperature and pressure measurements. 
Thf' thrust load cell was calibrated each time the load cell was relocated to a different 
hole in the p1vot lever. The calibration would be used for a number of runs until the propeller 
size changt·d significantly or too much time pass. Then the load cell would be recalibrated 
in the appropriate hole. Additionally the pinning of the load cell would be regularly checked 
to cnsurt' it was not touching the support arm. 
To calibrate the load cell a pulley allowed precisely measured weights (see Fig. 2. 7) to 
exrrt a load on the trst stand at the same location as propeller. The weights were gradually 
incrra-;t>d and then drcreascd to develop a detailed understanding of the relationship between 
volt.agt•s and thrust amounts. F\·om the resulting linear relationship a calibration curve was 
calcula t t'd . 
A similcu approach wa .. o.; used for the torque cell. This time the precisely known weights 
were ntt.nclwd to the torque cell at a precisely measured distance using a simple lever 
arm Th<• wPight s wen' again placed in increasing amounts and then remo\'ed in decreas-
ing amounts to check fm hystcrrsis . The result was a linear relationship between torque 
and voltng<' that was 11~ed to reduce the data. The calibration was completed after the 
mot or housing, mot or, rrflert i ,.e sensor and wiring were installed so any torque those items 
impmt.1•d w<'rt' incorpomt cd into the m libratiou. 
Figure 2.7: Calibration setup showing the locations for torque and thrust weights 
2.4.3 Testing Procedure 
To begin a test, a number of items were set in the software to correspond to the specific 
propeller. In each case the initial run was a static run in the wind tunnel with the sides of 
the tunnel open to allow air to circulate. Once the RP!\1 range, number of data points, and 
number of data acquisi tions at each point were set, the software would automatically ran 
through the tests and acquired the data. 
For runs ovpr a range of advance ratios, additional settings were needed. A range of 
w1nd t UllllPl velocities were set wit.h a 2 ft / sec increment. The 1 torr transducer was used 
for SJ)('<'ds of 8 ft. /sPc to ·10 ft. /sec and the 10 torr transducer was used for 34 ft / sec to 
80 ft /s<'<". Init.inlly, the 1 torr run •vas completed; then if required a second high speed run 
was compi<'I.Pd with the 10 torr transducer. Each test over a range of advance ratios was at 
0110. H PM s<'l ting. ThP upper limit. of the speed of the wind t unnel was set by the lower of 
lwo panunct.ers . Firs t., testing was stopped if the propeller net thrust approached zero. At 
t.hiH poi nt. t.hr free st rC'alll drag on the propeller was more than the thrust on the propeller 
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resulting in an unloading of the tension of the load cell. The load cell was designed to operate 
in tt•nsiun only, not compression, so the testing was stopped to preserve the load cell. The 
s('('ond n•ason testing was stopped was the lack of motor torque. This also occurred at high 
free stn'am speed when the propeller starts to drive the motor like a windmill. To prevent 
thb, tl~"ting wa.'i stopped as the torque approached zero. 
2.5 Data Reduction 
All the s<'nsors output was raw voltages which were converted to physical units with the data 
acquisition software. The correla tion between voltages and physical units such as thrust , 
torque. temperature. pressure were defined by the calibration curves. The photo sensor data 
acquisition was more complex. The voltage spike corresponding to the reflective surface 
wa.'i scm once prr rotation, so the number of spikes within a sampling time determined the 
rotational rate. 
ThP air density, frcPstrearn velocity, and the power to drive the propeller were used in 
n•ducing the propeller performance data. The data acquisition software computed these 
val uPs usmg the followmg formulas: 
Patm p=--
RTasr 
\'- 1¥ 
P - 2rrnQ 
(2.1) 
(2.2) 
(2.3) 
I · · t - ...1 to accotJnt ro1· 1·lo<:·kagc, " 'all effects, '"ld As nu•nt ioncd carli<•r , the v<' oCll,Y IS corrcc l'\1 1' u cu 
Pr<>JH'Il<·r l lldtl('('d now <tf tiH' pitot probr. FHII det ails Oil thr spcrifirs of the velocity cor-
f PC[ ion nwt.hod nnd its implementation to correct the frcestream velocity can be found in 
lG 
Brandt 121 and Tehrani (3). 
Using the data obtained, the propeller performance was converted to non-dimensionalized 
parameter:s, coefficient of thrw;t, coefficient of power and advance ratio, to characterize 
performance. Additionally the propeller efficiency, TJ, was calculated. The non-dimensional 
quantities were obtained using the following formulas: 
J=~ 
nD 
T 
Cr = 2D4 pn 
p 
Cp = 3Ds pn 
(2.4) 
(2.5) 
(2.6) 
{2.7) 
For static tests, advance ratio was zero so efficiency was not calculated and the coefficients 
lCp and CrJ were plotted against the propeller rotation speed (RPM). For tests over a 
range of ad vance ratios, the coefficients ( C p and Cr) and efficiency ( TJ) were plotted against 
advance ratio (J). 
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Chapter 3 
Data Validation 
A check run using a known propeller was completed to verify the experiment was performing 
a.-; it had in previou..'l years. The results from the check run were compared to previously 
recorded data. The results showed that the experiment was operating within tolerances. A 
more detailed uncertainty analysis of the propeller test setup has been performed in t he past 
by Brandt [2] and Tehrani [3]. 
3.1 Repeatability of Measurements 
For the check run an APC 10x4.7 Slo-Flyer propeller was chosen . Tehrani [3] tested t he 
proprllrr twice at diffrrrnt times and achieved consistent results. Figures 3.3 and 3.1 shows 
the power coefficient comparison had excellent repeatability. The thrust coefficient seen in 
Figures 3. t and 3.2 are not as close in repeatability. 
Previously, Tehrani [3] noted thrust was not as repeatable as power. One possible cause 
was the calibration curves. The six calibrations of the 25 oz-in. torque cell had a standard 
devia tion of jusL 0.019. The thrust calibration of the C-hole was completed four t imes with 
a standard deviation of 0.175. During testing it was observed that the torque calibration 
normally changNi Jess then 0.1% while the thrust changed approximately 0.1- 1.0%. This 
led Lo less repeatibili ty and more uncertainity in the thrust measurements. 
An additional source of error came from the periodic difficulty of the computer to acquire 
and sel the propeller speed t'\.ccurately. Each data point was taken three times. In the best 
casrs the propeller speed varied Jess than 10 RPM, but sometimes it varied a few hundred 
1 
RP'f\.1 Thi:-; normn.lly occurred at a point where the power required increased more then the 
prl'vious points. The inaccurate RPM shifted the advance ratio and increased (or decreased) 
proJwllcr JWrformance. 
The Hnnl ~ourcc of uncertainty was caused by the computer program controlling the test. 
A~ the algorithm increased the wind tunnel speed, the motor voltage was held constant and 
the propt'llt'r speed increased due to increasing wind tunnel speed. The algorithm would 
only readjust thr propeller speed if the RPM value was out of tolerance. The propeller 
~pet'd crept up by 40- 60 RP~l over a few advance ratios until the propeller speed was out 
of tolt>ranrP which caused the algorithm to readjust the propeller speed to the correct value. 
The result was a steady increase in and then a drop in propeller speed that repeated 2 or 3 
tinws within a run covering a range of advance rat ios. The locations of peak propeller speed 
semwd to be dt'pcndent on the initial values and the error of the first set propeller speed. 
The propeller speed creep caused error within the propeller performance. Increases in RPM 
vah~t•s resulted in an increase in Cr more then Cp as seen in the Ramoser varioPROP results 
m Chap. 5. One cause of the different results in Fig. 3.5 was that for the 2007 cases the 
prak 17 corresponded to a peak in propeller speed which was 25-50 RPM above the older 
data. \\'hile the small difference in propeller speed has a small effect on performance, it did 
rontrihul<' to somr of thr cliffrrrnrrs seen brtwcrn data sets. 
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Figure 3.2: Stn tic thrust coefficient comparison for the APC 10 x4.7 propeller. 
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Figure 3.3: Power coefficient comparison for the APC 10x4.7 propeller. 
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Figur<' 3.4: Thrust coefficient comparison for the APC 10x4.7 propeller. 
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Figure 3.5: Efficiency comparison for the APC 10x4.7 propeller. 
3.2 Propeller Measurement Techniques 
To acquire the geometric characteristics of propellers a number of methods can be used. 
Brandt [2] and Tehrani [3] scanned or photographed the propellers to generate twist and 
chord distributions. A front. and a side picture were taken and PropellerScanner gener-
ated a twist and chord distribution. However, the accuracy of PropellerScanner was never 
investigated . 
To be able to accurately predict. performance using BEMT, a accurate twist distribution, 
chord distribution and airfoil cross section were needed. To achieve this two techniques were 
used. First, PropplJerScanner was used to generate twist and chord on all propellers [14). 
Second, select.rd propellers were sliced to achieve more accurate results. 
Each blade wa.<; placed in solidifying gel normally used for 'water' in artificial flower ar-
rangements. These subsLances were selected because they did not heat during the curing 
process nnd t.he finished product was a hard sliceablc block. The brands used were a Gar-
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Figure 3.6: A scan of the blade cross section with the points resulting from the spline. 
den plrndo~ QUick WaterTM kit, a Le Silk Shopp~ Acrylic Water kit and an Everlasting 
Elrganc~ kit. Everlasting Eleganc, was the best since it dried harder then the others and 
rl'lat ively quickly. 
A typical slice of the propeller was taken every 0.20 to 0.25 in. resulting in ten cross 
:-ections for an in. propeller. A typical cross section is shown in Fig. 3.6. At each slice, the 
twbt. chord, and distance from the hub were recorded. Additionally the airfoil coordinates 
were found by placing a scanned image of the slice in a Computer Aided Design program. A 
:;plinc wa.-; then placed around the edge of the shape resulting in a set of smooth coordinates 
tracing tlw edge of the airfoil. 
A number of Ramoser Technik + Design varioPROP propellers were sliced. The 8.1 in. 
propeller was sliced twice to compare results and reliability of this method. \\'bile being 
dcsignatt'd as 'D' type, the blade geometry was inspected and was seen to be different then 
the otlwr ·o· tvpes. The results for two slices demonstrated the technique was repeatable 
a.-; seen in fig . 3. 7. 
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Ramoser 8.1 D varioPROP 
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figure 3 7 Ramoser Tcchnik + Design varioPROP .1 'D' propeller geometry from two 
difference slin's and PropellerScanncr. 
Two additional propellers with the 'D' designation and similar geometries were cut. 
The Rammwr varioPROP 9.9D and the 7.0D showed the same twist and chord distribution 
scaled between the propellers (Fig. 3. ). The difference in twist was accounted by the 3 
deg d1ffen•m·<• in maximum pitch measured at 75% radius during testing. Within each 
designaLion, as long f\.."i inspections showed similarity, the geometric data. was scaled to achieve 
accurate n•st!lts for all Lhe propellers. 
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Figure 3 
comparison. 
Ramoser 9.90 and 7.00 varioPROP 
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Hamoser Technik + Design varioPROP 9.9 and 7.0 'D ' propeller geometry 
Before each test the propeller pitch was measured at 75% radius. The point of mea-
surement was marked on the propeller blade. This measurement allowed the pitch between 
different ~<'! t ing~ to be compared . The measmcmcnt technique was not very accurate, prob-
ably within ·1 5 deg. The minimum and maximum settings on the propeller were highly 
repealable since a screw was turned until it hits a stopper. Geometry measurements were 
all made at the maximum pitch seLLing. 
Thr geomr t ric data wn.c:; measured to allow the PROPID and other BEl\tT codes to be 
lll:wd to compart' t.hr calculated results with the experimental results. The accuracy of the 
geometric datn wa~ important so the results from PROPID could be used with confidence. 
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Chapter 4 
Prediction of Propeller Performance 
Blade ElPmt'nt ~!omentum Theory (BE~1T) was used to generate calculated results. Com-
paring experimental and calculated results provided insight into the difficulty of designing 
propellers. By understanding the limits of BEMT at low Reynolds numbers, BEMT results 
for untc:-.ted propellers can be better understood. 
4.1 BEMT and PROPID 
BE~1T \VM used to analyze a propeller by calculating thrust and power at a number of radial 
locations and combining each of these subparts or elements resulting in a total thrust and 
power oft he propeller. At each location 2-D airfoil performance data was used to calculate 
the lift and <h ag. The 2-D performance was a function of angle of attack and Reynolds 
number. Using 2-D airfoil data and geometric layout of the propeller, BEMT was able to 
quickly pn•<hct the performance. More details about BEMT can be found in many texts 
including Rden•nc·(•s [15, 16, 17]. 
PROPID was a computer code developed to analyze and design horizontal a..xis wind 
turbines. It w~L'i b~<icd upon existing propeller codes, PROP, that used a BEMT approach 
to calculat<• 1wrformnnce [.t , 10]. Officially, it only upported wind turbines, but the code 
had t h<' audit y t 0 analyze propellers. The input file required propeller geometry and airfoil 
P<>rfonnanc!' d<\1 a. Input files were generated to correspond to the geometry of the tested 
propellers. The n•sults from PROPID were compared with the e.'Xperimental propeller per-
formtUIC'e dati\ t.o better understand t,hc post stall behavior of the Ramo er Technik + Design 
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varioPROP propellers. 
4.2 Calculating Airfoil Performance 
The lift and drag were a function of angle of attack and Reynolds number. The two main 
area." of data n'quired were angles of attack beyond stall and moderate angles of attack. 
Data from different sources were combined to form the total result. 
For moderate angles of attack XFOIL was used to calculate the airfoil 's performance at 
a ::-rt of Reynold::, numbers. \Vhile experimental data would have been ideal, XFOIL was 
much qlllcker [1 ]. The predicted C,f'fl4% was decreased by 10% and the angle was shifted 1 
deg lo\\w XFOIL data was used from the negative stall to the positive stall. 
Bevond ~tall. the lift and drag were based on flat plate data. This approach was supported 
b\· other n>Search such as References !5, 19]. At extreme angles of attack lift and drag did 
not vary with Reynolds number. In order to overcome stall models built into PROPID, a 
point wa .. -; added two deg beyond stall to represent the loss of lift. Another point was added 
at 2 deg. Both of these values came from flat plate data. 
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Chapter 5 
Variable P itch Propeller Performance 
and Analysis 
A set of variahle pitch propellers manufactured by Ramoser Tecbnik + Design under the 
varioPHOP name was elected . A number of different geometries designations are used: 
• ·o - Significant taper 
• ·c· - Les..., taper 
• . c· - Limit<'d taper 
The D' propellers had d iameters of 6.0, 7.0, 7.9, 8.1, 8.9, and 9.9 in. Two 'G ' propellers, 
0 and 7.1 in. diameters, were selected along with one 9.7 in. 'SG' propeller. Each propeller 
was te..-.,ted at thret• pitch sett ings. The ettings corresponded to a low, medium, and high 
p1trh setting. 
5.1 Experimental Results 
Tfw ('Xpt>nrnrntal data confirmed some expected results. Increasing pitch increased the ad-
\·am·p ratio of peak cffi r1cncy and the greate t efficiency occurred at the medium pitch setting. 
Performance increasrd with propeller speed as previously noted by Brandt [2] and Tehrani [3] 
The increase was d ue to better airfoil performance as Reynolds numbers increased. Changes 
in t lw propeller spc{'d had the largest effect when the propeller was operating over a wide 
range of Reynolds numbers and the propeller airfoil sections were operating at high lift to 
drng rat10s. \Vhen operating at high or low angles of attack airfoil performance becomes 
IPsH dep(•ndcnL on Reynolds number. An airfoil often has significant nonlinearitie in the 
lift curve s lopt' 118 the Reynolds number dccre~'I.Ses below its designed range. Changes in 
2 
tlw hft r.urw slop<' would cause the propeller efficiency to decrease as the propeller speed is 
d('(.'ll'<\."ed and the R<'ynolds number decreased. 
In Fig. 5.1 5. 15. the results from each Ramoser Technik + Design varioPROP propeller 
are di:-play<'lL Each propeller wa..'l tested at. three pitch settings. The pitch measurement 
includ<'d is t lw angle measured at 75% radius. First, the plots versus advance ratio, ry, 
Cr. and Cp. were plotted for multiple RPM settings. Then the static plots, Cr , and Cp 
versu:-, prop<'llt'r speed were plotted. The seperation between the low and high speed runs on 
Figure 5.36 5.3 occured at high torque and thrust. The experimental rig, particularly the 
motor and power supply, was operating at its upper limit and significant vibrations were in 
the system at the time. These vibrations decrease the accurancy of the load cell by shifting 
its location on the two pins holding it in place. 
Ramoser 6.00 varioPROP (3 pitch settings) 
o 9 deg, 5000 RPM, low P1tch 
o 9 deg, 6000 RPM 
o 9 deg, 7000 RPM 
.t. 20 deg, 5000 RPM, Medium Pitch 
11> 20 deg, 6000 RPM 
'1 20 deg, 7000 RPM 
• 35 deg, 5000 RPM, High P1tch 
• 35 deg, 6000 RPM 
1 _:•~35~d~e~g~,7~0~0~0~R~P=M~--.------r-----r~~~--~~ 04~ 
J 
D : 6 OD VMioPROP rfficicnry curves at three 75% pitch Figllr<' G.l: 1\nmos<'r T C'Chnik f c~1gn · 
sett.ings. 
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Ramoser 6.00 varioPROP (3 pitch settings) 
o 9 deg, 5000 RPM, Low Pitch 
0 9 deg, 6000 RPM 
o 9 deg, 7000 RPM 
A 20 deg, 5000 RPM, Medium Pitch 
~ 20 deg, 6000 RPM 
w 20 deg, 7000 RPM 
• 35 deg, 5000 RPM, High Pitch 
e 35 deg, 6000 RPM 
• 35 deg, 7000 RPM 
0 15 r---..,...:;__---y---..,-----y-.,.--:--:--,----,.-----f 
J 
Figure 5.2: Ramoscr Technik + Design 6.00 varioPROP thrust coeffiricnt curves at three 
75% pitch scLLings. 
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Ramoser 6.00 varioPROP (3 pitch settings) 
o 9 deg, 5000 RPM, Low Pitch 
0 9 deg, 6000 RPM 
o 9 deg, 7000 RPM 
A 20 deg, 5000 RPM, Medium Pitch 
ll> 20 deg, 6000 RPM 
v 20 deg, 7000 RPM 
• 35 deg, 5000 RPM, High Pitch 
• 35 deg, 6000 RPM 
• 35 deg, 7000 RPM 020~-----r~---,------r------r-----.--~--~----~ 
J 
Figure 5.3: Ramm;er Tcchnik + Design 6.0D varioPROP power coefficient curves a.t three 
75% pi LC'h H<'t.Liugs. 
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Ramoser 6.00 varioPROP (3 pitch settings) 
• 9 deg, Low Pttch 
• 20 deg, Medtum Pttch 
01 5 
11 35 deg, High Pitch 
.. 
-........... ~~ ~ 
010 
005 
000 
1500 
~ 
3000 4500 
n (rpm) 
6000 
----
25 
.. 
7500 
Figurp 5. I: H nmoser Tcchnik + Design 6.0D varioPROP static thru t coefficient curves at 
three 75% pitch s<'t t.ingH. 
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Ramoser 6.00 varioPROP (3 pitch settings) 
• 9 deg, Low Pitch 
• 20 deg, Medium Pitch 
0.2 0 
• 35 deg, High P1tch 
... ~· 
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Figure 5}): HarnosN Technik + Design 6.0D varioPROP static power coefficient cun·es at 
thre(• 75% pitch sc•ttings. 
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Ramoser 7 00 varioPROP (3 pitch settings) 
o 3 deg, 4000 RPM, Low P1tch 
0 3 deg, 5500 RPM 
o 3 deg, 7000 RPM 
" 16 deg, 4000 RPM, Medium Pitch 
G> 16 deg, 5500 RPM 
v 16 deg, 7000 RPM 
• 36 deg, 3000 RPM, High P1tch 
• 36 deg, 5000 RPM 
• 36 deg, 6500 RPM 
oer------r-----.----~~-----r~---.------r-----~ 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 
J 
Figurr. 5.G: Hnmosc•r ' lc'chnik ~ Design 7.00 varioPROP rfficicncy curves at three 75% pitch 
settingH .. 
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Ramoser 7.00 varioPROP (3 pitch settings) 
o 3 deg, 4000 RPM, Low Pitch 
0 3 deg, 5500 RPM 
t:l 3 deg, 7000 RPM 
A 16 deg, 4000 RPM, Medium Pitch 
e> 16 deg, 5500 RPM 
v 16 deg, 7000 RPM 
• 36 deg, 3000 RPM, High Pitch 
• 36 deg, 5000 RPM 
• 36 deg, 6500 RPM 015r------r~---,r-----.------.-----.------------~ 
J 
Figure 5.7: Hnmost'f Tcchnik -t Design 7.0D varioPROP thrust coefficient curve at t.hrcc 
75% pitch sc>Lt ings. 
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Ramoser 7.00 varioPROP (3 pitch settings) 
o 3 deg, 4000 RPM, Low Pitch 
0 3 deg, 5500 RPM 
o 3 deg, 7000 RPM 
.t. 16 deg, 4000 RPM, Med1um Pitch 
G> 16 deg, 5500 RPM 
v 16 deg, 7000 RPM 
• 36 deg, 3000 RPM, H1gh P1tch 
• 36 deg, 5000 RPM 
• 36 deg, 6500 RPM 
015~--IF~~~~----r-----r-----r-----r---~ 
1.4 
J 
Figure 5.8: H~tmoser Tcchnik + Design 7.0D varioPROP power coefficient rurves at three 
75% pil<'h S( '(,t ings. 
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Ramoser 7.00 varioPROP (3 pitch settings) 
• 3 deg, Low Pitch 
e 16 deg, Medium Pitch 
0 15 
• 36 deg, High P1tch 
010 ~ 
.... 
005 
.. !-
000 
1500 3000 4500 
n (rpm) 
. 
_... 
- AL 
""'""' 
-
uaJIUII 
6000 7500 
Figmt• 5.!): Hn1uosrr Technik + Design 7.00 varioPROP static thru t cocffiricnt curve at 
three 75% pit<'h sPt.t.ingH. 
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Ramoser 7.00 varioPROP (3 pitch settings) 
• 3 deg, Low Pitch 
• 16 deg, Medium Pitch 
0 15 
e 36 deg, High Pitch 
~ ... ..... 
0.10 
............... 
.... 
005 
-
000 
1500 3000 4500 
Q (rpm) 
-..... 
6000 7500 
Figure 5.10: Ramoscr Technik + Design 7.0D varioPROP static power coefficient curves at 
thrre 75% piLrh sPLtings. 
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Ramoser 7.1G varioPROP (3 pitch settings) 
o 5 deg, 5000 RPM, low P1tch 
0 5 deg, 6500 RPM 
c 20 deg, 4000 RPM, Medium Pitch 
!!:. 20 deg, 5000 RPM 
e> 20 deg, 6000 RPM 
v 35 deg, 3000 RPM, High Pitch 
• 35 deg, 5000 RPM 
• 35 deg, 6500 RPM osr-----~~--~-----.------.-----.-----.-----~ 
02 
Figurp 5.11. Hcunosrr Tc'rhnik 
pitch HC't.t. illgH .. 
04 1.4 
J 
Drsign 7.1G vnrioPROP efficiency curves at three 75% 
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Ramoser 7 1G varioPROP (3 pitch settings) 
o 5 deg, 5000 RPM, Low Pitch 
o 5 deg, 6500 RPM 
o 20 deg, 4000 RPM, Medium Pitch 
.a. 20 deg, 5000 RPM 
E> 20 deg, 6000 RPM 
"' 35 deg, 3000 RPM, High Pitch 
Ill 35 deg, 5000 RPM 
• 35 deg, 6500 RPM o2or-----11~---.------~-----.-----.------T-----~ 
J 
Figure 5.12: Hamoscr Tcchnik + Design 7.1G varioPROP thrust coefficient curve~ at throe 
75% pitch :;('( t ings. 
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Ramoser 7 1G vanoPROP (3 pitch sett1ngs) 
o 5 deg, 5000 RPM. Low Pitch 
~ 5 deg, 6500 RPM 
o 20 deg, 4000 RPM, Medium Prtch 
A 20 deg, 5000 RPM 
~~> 20 deg, 6000 RPM 
v 35 deg, 3000 RPM, High Pitch 
• 35 deg, 5000 RPM 
• 35 deg, 6500 RPM o2sr------r~--~r-----.------.-----.------~----~ 
Figure 5.13: Rnmm;rr Tcchnik + Design 7.1 G varioPROP power cocffiri<'nt curY at three 
75% piLch s<•tt ings. 
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Ramoser 7.1 G varioPROP (3 pitch settings 
• 5 deg, Low Pitch 
• 20 deg, Medium Pitch 
0 20 
• 35 deg, High Pitch 
"""" 0 15 
IMIV"-
CTo 0.10 
,_. 
0 05 
0.00 
1500 3000 4500 
n (rpm) 
25 
"" "" -
6000 7500 
50 
Figure 5. 1•1: Hnmoscr Tcchnik t- Design 7. 1G varioPROP static thru ' t coefficient curves at 
Lhrec 75% pit <'h HPllings. 
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Ramoser 7.1 G vanoPROP (3 pitch settings 
• 5 deg, Low Pitch 
e 20 deg, Medium Pitch 
02 5 
• 35 deg, High P1tch 
_....... 
0 20 
0 15 
0.10 
~ 
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Figure 5.15. HamosN Tcchnik t- Design 7.1G varioPROP static power coefficient curves at 
three 75% pitch settings. 
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Ramoser 7.90 varioPROP (3 pitch settings) 
o 8 deg, 4000 RPM, Low Pitch 
0 8 deg, 5500 RPM 
o 8 deg, 6500 RPM 
A 19 deg, 4000 RPM, Medium Pitch 
I> 19 deg, 5500 RPM 
v 19 deg, 6500 RPM 
• 40 deg, 3000 RPM, H1gh P1tch 
• 40 deg, 5000 RPM 
• 40 deg, 6000 RPM 
0 6 t----,-:...__----,,----.-----.,-----,..-----r--- ---J 
J 
Pigmr 5.1G: Th unosrr Tcrhnik + Drsign 7.9D vnrioPROP rfficicncy curves at three 75% 
piLch Hcltings .. 
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Ramoser 7.90 varioPROP (3 pitch settings) 
o 8 deg, 4000 RPM, Low Pitch 
<> 8 deg, 5500 RPM 
o 8 deg, 6500 RPM 
.t. 19 deg, 4000 RPM, Medium Pitch 
~ 19 deg, 5500 RPM 
v 19 deg, 6500 RPM 
• 40 deg, 3000 RPM, High Pitch 
e 40 deg, 5000 RPM 
• 40 deg, 6000 RPM 
01Sr------.~---,------.------.------.-~--~----~ 
J 
Figure 5.17: Rnmoscr Technik + Design 7.9D varioPROP thrust coefficient curve · at three 
75% pit,c·h sellings. 
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Ramoser 7.90 varioPROP (3 pitch settings) 
0 8 deg, 4000 RPM, Low Pitch 
<> 8 deg, 5500 RPM 
0 8 deg, 6500 RPM 
A 19 deg, 4000 RPM, Medium Pitch 
ll> 19 deg, 5500 RPM 
w 19 deg, 6500 RPM 
$ 40 deg, 3000 RPM, High Pitch 
• 40 deg, 5000 RPM 
II 40 deg, 6000 RPM 
~ 
. . 
. A 
. . 
~ 
~ '~ ... . . ' . . . . . . . V"O<i> 
0.2 0.4 0.6 0.8 1.0 
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Figure 5.18: Rnmoscr Tcchnik + Design 7.9D varioPROP power coefficient curve a.t three 
75% pit,ch seUings. 
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Ramoser 7.90 vanoPROP (3 pitch settings) 
• 8 deg, Low Pitch 
® 19 deg, Medium Pitch 
0.15 
• 40 deg, H1gh Pitch 
... 
010 -- -
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005 
0 00 
1500 3000 4500 
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Pigmc 5. 19: Rnmos<'f Technik + Design 7.90 varioPROP static thrust coefficient curYe at 
three 75% pitch Hd .Lings. 
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Ramoser 7.90 varioPROP (3 pitch settings) 
• 8 deg, Low P1tch 
• 19 deg, Medium Pitch 
0.2 5 
• 40 deg, High P1tch 
... 
0.2 0 
~ 
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0.15 
0 10 
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1500 3000 4500 
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6000 7500 
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Figure 5.20: Jlamoscr Tcchnik + Design 7.9D varioPROP static power coefficient cun ·es at 
Lince 75% pitch seLtings. 
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Ramoser 8.0G vanoPROP (3 pitch seHings) 
o 3 deg, 4000 RPM, Low Pitch 
0 3 deg, 5000 RPM 
e 3 deg, 6000 RPM 
A 3 deg, 7000 RPM 
I> 3 deg, 4000 RPM, Medium Pitch 
ov 15 deg, 5000 RPM 
• 15 deg, 6000 RPM 
e 15 deg, 7000 RPM 
• 28 deg, 4000 RPM, H1gh P1tch 
<l 28 deg, 5000 RPM 
1> 28 deg, 6000 RPM 
0 6 t------.----,---.------.---,.--.,----,------l 
0.0 '---__.:::11:>---L- --l~--~...__ _ __._ __ ._....._.. _ _._ __ _J 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
J 
Figm <' 5.2 1: n n.moscr T<'rhnik 1 DC'sign .OG varioPROP efficiency curves at three 75% 
piLch scLLings .. 
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Ramoser 8.0G varioPROP (3 pitch settings) 
o 3 deg, 4000 RPM, Low Pitch 
0 3 deg, 5000 RPM 
o 3 deg, 6000 RPM 
A 3 deg, 7000 RPM 
ll> 3 deg, 4000 RPM, Medium Pitch 
v 15 deg, 5000 RPM 
$ 15 deg, 6000 RPM 
• 15 deg, 7000 RPM 
11 28 deg, 4000 RPM, High Pitch 
<1 28 deg, 5000 RPM 
I> 28 deg, 6000 RPM 
020 r------.------.------.------.------r------~----~ 
J 
Figure 5.22: Ramoscr Tcchnik + Design .OC varioPROP thrust roefficient cun·es at throe 
75% pitch settings. 
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Ramoser 8.0G vanoPROP (3 pitch sett1ngs) 
0 3 deg, 4000 RPM, Low P1tch 
0 3 deg, 5000 RPM 
0 3 deg, 6000 RPM 
A 3 deg, 7000 RPM 
li> 3 deg, 4000 RPM, Medium Pitch 
• 15 deg, 5000 RPM 
$ 15 deg, 6000 RPM 
• 15 deg, 7000 RPM 
• 28 deg, 4000 RPM, H1gh Pitch 
4 28 deg, 5000 RPM 
1> 28 deg, 6000 RPM 
~ 
v -~ ~ 
~ ~ ~ 
~ ~ 
-~ ~ - .. 
" 
~ ~ 
02 0.4 06 0.8 1.0 1.2 1.4 
J 
Figure 5.23: Ramoscr Tcchnik + Design .OG varioPROP power coefficient run-es at three 
75% pitch sctt.ings. 
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Ramoser B.OG varioPROP (3 pitch settings) 
IB 3 deg, Low Pitch 
e 15 deg, Medium Pitch 
e 28 deg, High Pitch 
020 
~ 
__.. ~ 
0.15 
... 
--..a.-3 
C To 0.10 -"" ~ 
005 
0.00 
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4500 
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Figure 5.2•1: Ramoscr Tcchnik + Design .OG vnrioPROP sta tic thrust c-oefficient curv at 
three 75% pitch sC'Lt.ings. 
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Ramoser 8.0G varioPROP (3 pitch settings) 
11 3 deg, low Pitch 
e 15 deg, Med1um Pitch 
0.2 0 
• 28 deg, High Pitch 
.. 
0 1 5 
~ 
CPo 0.10 
·- -0.05 
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0.00 
1500 3000 4500 
n (rpm) 
25 
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.. 
6000 7500 
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Figure 5.25: Rn.moser Terhnik + Design .OG varioPROP static power coefficient curves at 
Lhrcc 75% pitch settings. 
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Ramoser 8.1 0 varioPROP (3 pitch settings) 
o 4 deg, 4000 RPM, Low Pitch 
0 4 deg, 5000 RPM 
o 4 deg, 6000 RPM 
A 4 deg, 7000 RPM 
ll> 4 deg, 4000 RPM, Medium Pitch 
• 16 deg, 5000 RPM 
• 16 deg, 6000 RPM 
• 16 deg, 7000 RPM 
• 38 deg, 4000 RPM, High Pitch 
4 38 deg, 5000 RPM 
I> 38 deg, 6000 RPM 
osr------r-----,r-----.------.------.-----.-----~ 
J 
Figurr. 5.26: Ramoscr Tr.rhnik , De->ign .1 0 varioPROP efficiency curves at three 75% 
pitch settings .. 
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Ramoser 8.1 D varioPROP (3 pitch settings) 
o 4 deg, 4000 RPM, Low Pitch 
o 4 deg, 5000 RPM 
c 4 deg, 6000 RPM 
A 4 deg, 7000 RPM 
II> 4 deg, 4000 RPM, Medium Pitch 
v 16 deg, 5000 RPM 
• 16 deg, 6000 RPM 
• 16 deg, 7000 RPM 
• 38 deg, 4000 RPM, High Pitch 
<l 38 deg, 5000 RPM 
I> 38 deg, 6000 RPM 
0.15 t-----.-----,,----r----,----,-.---------r---~ 
J 
Figure 5.27: Ramoser Tcchnik + Design .lD varioPROP thrust coefficient cun·cs at three 
75% piLch HCLLings. 
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Ramoser 8.1 D varioPROP (3 pitch settings) 
0 4 deg, 4000 RPM, Low Pitch 
0 4 deg, 5000 RPM 
a 4 deg, 6000 RPM 
A 4 deg, 7000 RPM 
6> 4 deg, 4000 RPM, Medium Pitch 
v 16 deg, 5000 RPM 
$ 16 deg, 6000 RPM 
• 16 deg, 7000 RPM 
• 38 deg, 4000 RPM, High Pitch 
<3 38 deg, 5000 RPM 
I> 38 deg, 6000 RPM 
~ 
-~ ~ 
.. 
- ~ ~ 
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' 0.2 0.4 0.6 0.8 J 
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1.0 1.2 1.4 
Figure 5.2 : Ramoscr Tcchnik + Design .lD varioPROP power coefficient curves at three 
75% piLch scLLings. 
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Ramoser 8.1 0 varioPROP (3 pitch settings) 
• 4 deg, Low Pitch 
• 4 deg Second Calibration 
EP 16 deg, Medium Pitch 
VI 38 deg, High PitCh 
E> 38 deg Second Calibration 
0.15 
0.10 "W~ 
0 05 
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Figure 5.29: Rarnoscr Tcchnik + Design .lD varioPROP static thrust coefficient curves at 
three 75% pitch settings. 
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Ramoser 8.1 D varioPROP (3 pitch settings) 
11 4 deg, Low Pitch 
• 4 deg Second Calibration 
@ 16 deg, Medium Pitch 
v 38 deg, High Pitch 
~ 38 deg Second Calibration 
0.15 
-."" "Vfli-v' 
0.10 
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0 00 
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Figure 5.30: Ramoser Tcchuik + Design .10 varioPROP static power coefficient curves at 
three 75% piLch scLtiugs. 
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Ramoser 8.90 varioPROP (3 pitch settmgs) 
o 5 deg, 4000 RPM, low Pitch 
0 5 deg, 5000 RPM 
o 5 deg, 6000 RPM 
A 5 deg, 7000 RPM 
1> 21 deg, 3000 RPM. Medium Pitch 
'W 21 deg, 4000 RPM 
• 21 deg, 5000 RPM 
• 21 deg, 6000 RPM 
• 39 deg, 4000 RPM, High Pitch 
<1 39 deg, 5000 RPM 
0 6 t-----.----,...-----.----...----.----,...----1 
J 
F'lP,IIr<' S.31 : HamosN Trrh11ik -t Drsign .90 varioPROP rffiC'i('ncy curve at three 75% 
pitch S<'ltings .. 
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Ramoser 8.90 vanoPROP (3 pitch settings) 
o 5 deg, 4000 RPM, Low Pitch 
0 5 deg, 5000 RPM 
s 5 deg, 6000 RPM 
t::. 5 deg, 7000 RPM 
S> 21 deg, 3000 RPM, Medium P1tch 
v 21 deg, 4000 RPM 
1B 21 deg, 5000 RPM 
• 21 deg, 6000 RPM 
• 39 deg, 4000 RPM, High Pitch 
<l 39 deg, 5000 RPM 
015r------.------.------.------.------.------.-----~ 
J 
Figur<' 5.32: Rnmoscr Technik + Design .90 varioPROP thrust rodfiricnt. curve at three 
75'X pi I rh ~t' tt.ings. 
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Ramoser 8 90 vanoPROP (3 pitch settings) 
0 5 deg, 4000 RPM, Low Pilch 
0 5 deg, 5000 RPM 
0 5 deg, 6000 RPM 
e. 5 deg, 7000 RPM 
i'> 21 deg, 3000 RPM, Medium Pilch 
v 21 deg, 4000 RPM 
a 21 deg, 5000 RPM 
• 21 deg, 6000 RPM 
• 39 deg, 4000 RPM, High Pitch 
<l 39 deg, 5000 RPM 
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Figure 5.3:~: Rarnost•r Tcchnik -+ Design 8.90 varioPROP power codfidcnt run·<' at three 
75% pitch s<• t t ings. 
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Ramoser 8.90 varioPROP (3 pitch settings) 
11 5 deg, Low Pitch 
& 21 deg, Medium Pitch 
$ 39 deg, High Pitch 
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Figure 5.31: Ramoser Tcchnik + Design .9D varioPROP static thru ' t coefficient cur\'cs at 
Lhrec 75% piLch seWugs. 
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Ramoser 8.90 varioPROP (3 pitch settings) 
• 5 deg, Low Pitch 
8 21 deg, Medium Pitch 
6) 39 deg, High Pitch 
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Figure 5.35: Ramosrr Technik t Design .9D varioPROP static power coefficient curve at 
three 75% pitch settings. 
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Ramoser 9.7SG varioPROP (3 pitch settings) 
o 2 deg, 3000 RPM, Low Pitch 
o 2 deg, 4000 RPM 
o 2 deg, 5000 RPM 
A 2 deg, 6000 RPM 
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Fi~urr 5.3G: Rnmosrr T('rhnik r Design 9.7SG mrioPROP cffiriency curves at three 75% 
pitch settings .. 
Ramoser 9.7SG varioPROP (3 p1tch settings) 
o 2 deg, 3000 RPM, Low Pitch 
0 2 deg, 4000 RPM 
o 2 deg, 5000 RPM 
A 2 deg, 6000 RPM 
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Figure 5.37: Rnmoscr Tcchnik + Design 9. 7SG varioPROP thrust rocffirient curve at three 
75% pitch srUings. 
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Ramoser 9.7SG vanoPROP (3 pitch settings) 
0 2 deg, 3000 RPM, Low Pitch 
0 2 deg, 4000 RPM 
0 2 deg, 5000 RPM 
A 2 deg, 6000 RPM 
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Fignre 5.3 : Rnmoser Tcchnik + Design 9.7SG varioPROP power ro<'fficicnt curves at three 
75% piLch sclt.ings. 
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Figure 5.39: Rumos<'r 'D chnik + Design 9.7SG varioPROP static thrust coefficient curve 
at three 75% pitch sctt.ings. 
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Figure 5. 10: RnmosC'r Technik + DC'sign 9. 7SG varioPROP static power coefficient curves 
u.L three 75% pitch settings. 
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Ramoser 9.90 varioPROP (3 pitch settings) 
o 8 deg, 3000 RPM, Low Pitch 
0 8 deg, 4000 RPM 
o 8 deg, 5000 RPM 
A 8 deg, 6000 RPM 
li> 8 deg, 7000 RPM 
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Figure 5.4 l : H amosrr Trchnik r DC'~ign 9.9D varioPROP efficiency curves at three 75% 
piLclt H<'LLingH .. 
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Ramoser 9.90 varioPROP (3 pitch settings) 
o 8 deg, 3000 RPM, Low Pitch 
0 8 deg, 4000 RPM 
o 8 deg, 5000 RPM 
~~> 8 deg, 6000 RPM 
6> 8 deg, 7000 RPM 
v 20 deg, 3000 RPM, Medrum Pitch 
• 20 deg, 4000 RPM 
• 20 deg, 5000 RPM 
11 20 deg, 6000 RPM 
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Figure 5.t12: Ramoser Tcchnik + Design 9.9D varioPROP thrust coefficient curves at three 
75% piLch H ' LLings. 
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Ramoser 9.90 varioPROP (3 pitch settings) 
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0 8 deg, 4000 RPM 
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Figure 5.'13: Hamoser '] chnik + Design 9.9D varioPROP power coefficient curves at three 
75% piLch sct.Lings. 
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Ramoser 9.90 varioPROP (3 pitch settings) 
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Figure 5.44: Ramoscr Technik + Design 9.9D varioPROP static thrust coefficient curve' at 
three 75% pitch sctt.ings. 
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Figure 5. 15: Ra.moscr Tcchnik + Design 9.9D varioPROP st.atic power rocffirirnt curves at 
lhrce 75% pitch S('LLings . 
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Ramoser varioPROP types G, D, and SG 
-o- chord -o- twist (G) 
-o- chord -o- twist (D) 
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Figure 5.46: The three types of geometry for the Ramoser Technik + Design propellers 
measured at high pitch. 
5.2 Comparison to Predicted Results 
To undrr:stand where post stall behavior was occurring the experimental results were com-
pared with predicted results. PROPID was used to calculate results for three different 
gcomt•tric::; a .. "l ::;ccn iu Fig. 5.46. The first geometry, designated 'D' by Ramoser, had signif-
icant taper. The second geometry, designated 'G' by Ramoser, had less taper. The final 
geometry had limited taper and more of a paddle shape. 
In Fig. 5..1 - 5.56 post stall affected the propeller performance at low advance ratios by 
the under pn•diction of thrust and the over prediction of power. At lower pitch settings or 
high ad vance ratios, the predicted results using 2-D airfoil data (Fig. 5.4 7) showed excellent 
accuracy. The calculated results were much worse at. high pitch. The divergence between the 
experirncnt.nl and calculat.ed CT and Cp represented where post stall aerodynamics greatly 
74 
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PROPID Alrfoil Data with 2-D Stall 
0 20% RadiUS, Re=20000 
0 35% Rad1us, Re=40000 
0 50% Rad1us, Re=46000 
A 70% Rad1us, Re::.47000 
• 90% Radius, Re=33000 
0 5 
a {deg) 
10 15 
Figure 5.·17: The baseline lift curve slope for 5 positions for the Ramoser 9.9D varioPROP 
at J-0 . . 4000 RP~l, and high pitch. 
influenced the propeller performance. The change occurred as the predicted airfoil entered 
stall and its drag increased and its lift decreased. However, post stall aerodynamic theory 
predicted that the lift and drag do not enter stall and the airfoil maintains efficiency well 
past the stall angle. 
Post stall effects were a function of pitch, taper, and propeller speed. The high pitch was 
the most important parameter for the appearance of post. stall aerodynamics. Pitch was key 
in drt.errnining the local angle of attack which needs to be greater than the stall angle for 
post stall performance to occur. fore taper resulted in more post stall aerodynamics. The 
'D' propeller had post stall influences at the medium pitch setting. At the high pitch setting 
the agrccrn<'ut between calculated and experimental results was very poor. Propellers with 
less taper ('C' and 'SC ') had less regions of post stall performance. As propeller speed de-
creased the prcdict<•d results matched the experimental results with less post stall divergence. 
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Ramoser 8.0G varioPROP Predicted Comparison (3 pitch settings) 
o 3 deg, 7000 RPM, Experimental v 3 deg, 7000 RPM, Calculated 
0 15 deg, 4000 RPM o 15 deg, 4000 RPM 
o 15 deg, 7000 RPM o 15 deg, 7000 RPM 
a 28 deg, 4000 RPM <l 28 deg, 4000 RPM 
D> 28 deg, 6000 RPM 0 28 deg, 6000 RPM 08~------------~------------.------.------.-----~ 
Figur • 5.48: Comparison between calculated and experimental efficiency for the Ramo er 
Tcchnik + Design .OG varioPROP at. three 75% pit.ch sctt.ings. 
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Ramoser 8.0G vanoPROP Predicted Comparison (3 pitch settings) 
o 3 deg, 7000 RPM. Experimental v 3 deg, 7000 RPM, Calculated 
0 15 deg, 4000 RPM o 15 deg, 4000 RPM 
a 15 deg, 7000 RPM o 15 deg, 7000 RPM 
1A 28 deg, 4000 RPM <3 28 deg, 4000 RPM 
I» 28 deg, 6000 RPM o 28 deg, 6000 RPM 020r------r~----~-----r------r---~~------~----~ 
Figure 5.•19: Compnrison bctw en calculated ru1d experimental thrust rocfficient for the 
Ramoscr Tcchnik 1- Design .OG varioPROP at three 75% pitch settings. 
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Ramoser 8.0G varioPROP Predicted Comparison (3 pitch settings) 
o 3 deg, 7000 RPM, Experimental v 3 deg, 7000 RPM, Calculated 
0 15 deg, 4000 RPM o 15 deg, 4000 RPM 
t;J 15 deg, 7000 RPM o 15 deg, 7000 RPM 
A 28 deg, 4000 RPM <1 28 deg, 4000 RPM 
I> 28 deg, 6000 RPM o 28 deg, 6000 RPM 020~-----r------~-----r------r---~~------~----~ 
oooL------L------L------L------L-----~----~~----~ 00 0.2 04 06 0.8 1.0 1.2 1.4 
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Figure 5.50: Comparison between calcula.tcd and experimental power coeffi cient. for the 
Rarnoscr Tcchnik 1 Design .OG varioPROP at. three 75% pitch settings. 
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Ramoser 9.7SG varioPROP Pred1cted Comparison (3 pitch settings) 
o 2 deg, 3000 RPM, Experimental v 2 deg, 3000 RPM, Calculated 
<> 2 deg, 6000 RPM a 2 deg, 6000 RPM 
a 14 deg, 3000 RPM o 14 deg, 3000 RPM 
A 14 deg, 6000 RPM <l 14 deg, 6000 RPM 
ll> 36 deg, 3000 RPM <> 36 deg, 3000 RPM osr------.~----.------.------r---~-r------r-----~ 
Figure 5.5 1: Comparison bcLwecn calculated and experimentAl efficiency for the Rruno cr 
Tcchnik -t Design 9. 7SG varioPROP a.L three 75% pitch settings .. 
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Ramoser 9.7SG varioPROP Predicted Comparison (3 pitch settings) 
o 2 deg, 3000 RPM, Experimental v 2 deg, 3000 RPM, Calculated 
0 2 deg, 6000 RPM o 2 deg, 6000 RPM 
o 14 deg, 3000 RPM o 14 deg, 3000 RPM 
A 14 deg, 6000 RPM <l 14 deg, 6000 RPM 
t> 36 deg, 3000 RPM 0 36 deg, 3000 RPM 
020r------.------r------.------r---~~----~~----~ 
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Figure 5.52: Comparison between calculated and experimental thrust rodficicnt for the 
Ramoscr Tcchnik t- Design 9.7SG varioPROP at three 75% pitch settings. 
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Ramoser 9.7SG varioPROP Predicted Comparison (3 pitch settings) 
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Figure 5.53: Comparison between calculated and experimental power coefficient for the 
Ramoscr Technik 1- Design 9.7SG varioPROP at three 75% pitch settings. 
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Ramoser 9.90 varioPROP Predicted Comparison (3 pitch settings) 
o 8 deg, 3000 RPM, Experimental o 8 deg, 3000 RPM, Calculated 
0 8 deg, 7000 RPM o 8 deg, 7000 RPM 
o 20 deg, 3000 RPM <1 20 deg, 3000 RPM 
A 20 deg, 6000 RPM 1> 20 deg, 6000 RPM 
li> 39 deg, 3000 RPM A 39 deg, 3000 RPM 
v 39 deg, 4000 RPM o 39 deg, 4000 RPM 08~-----.~----r------.------r---~--------r-----~ 
Figure 5.s.1: Comparison between calculalcd and expcrimentru cffidcncy for the Ramo er 
Tccbnik 1 Design 9.9D varioPROP at three 75% pitch cttings .. 
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Ramoser 9.90 varioPROP Predicted Comparison {3 pitch settings) 
o 8 deg, 3000 RPM, Experimental o 8 deg, 3000 RPM, Calculated 
0 8 deg, 7000 RPM o 8 deg, 7000 RPM 
e 20 deg, 3000 RPM <l 20 deg, 3000 RPM 
A 20 deg, 6000 RPM t> 20 deg, 6000 RPM 
t> 39 deg, 3000 RPM A 39 deg, 3000 RPM 
v 39 deg, 4000 RPM 0 39 deg, 4000 RPM 015~-----r~--~~----~-----r----~------~----~ 
CT 
J 
Figure 5.55: Comparison between calculated and e.xpcrimenta.l thrust. coefficient. for the 
Hammmr Tcchnik f- Design 9.9D varioPROP at three 75% pitch settings. 
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Ramoser 9.90 varioPROP Predicted Comparison (3 pitch settings) 
o 8 deg, 3000 RPM, Experimental o 8 deg, 3000 RPM, Calculated 
¢ 8 deg, 7000 RPM o 8 deg, 7000 RPM 
o 20 deg, 3000 RPM <1 20 deg, 3000 RPM 
A 20 deg, 6000 RPM 1> 20 deg, 6000 RPM 
I> 39 deg, 3000 RPM t. 39 deg, 3000 RPM 
v 39 deg, 4000 RPM ¢ 39 deg, 4000 RPM 02Sr------.------.------.------.---~-.------r-----~ 
Figure 5.5G: Comparison between calculated a11d experimentf\1 power coefficient for the 
Rnmoscr Tcdmik r Design 9.90 varioPROP at three 75% pitch settings. 
5.3 Comparison to Predicted Results with Post Stall 
Models 
The prop<'ller Cr was under predicted and Lhe propeller Cp was over predicted because 
of the po~t stall behavior. By looking at the calculated results, the local angles of attack 
were found The thicker inboard airfoils stalled at approximately 12 deg and the thinner 
outer airfoils stalled slightly lower at approximately 10 deg. Figure 5.57 shows the angles 
of attack for the Ramoser Technik + Design 9.90 varioPROP for advance ratios 0.1 to 0.5. 
An advance ratio of 0.3, the medium pitch setting stopped showing significant effects of 
po~t stall At this advance ratio, the local angle of attack was just under the estimated 
stall angles. At the high pitch setting the local angles of attack stayed above stall until the 
advance ratio increased to 1 as seen in Fig. 5.5 . 
Calculated Local Angle of Attack (Ramoser 9.90 varioPROP) 
o J= 01, High pitch " J= 0.1, Medium pitch 
<> J= 0.2 • J= 0.2 
0 J= 0.3 • J= 0.3 
lJ. J= 0.4 • J= 0.4 
... J= 0.5 4 J= 0.5 
~~~~--~--~~~--------.-----~ 
025 050 
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0.75 1.00 
Figure 5.57: The local angles of attack for Ramo er 9.90 varioPROP at the medium and 
high piLch s 'lling for increasing advance ratio 
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Calculated Local Angle of Attack (Ramoser 9 90 varioPROP) 
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Figure 5.5 : The local angles of attack for Ramoser 9.9D varioPROP at the medium and 
high pitch set ling for increasing advance ratios 
By applying the Corrigan post stall model within PROPID, the performance was better 
predicted [10]. The Corrigan model shifted the C1ma.x to a higher values at a higher angle and 
placed a standard 21r lift curve slope in the gap as seen in Fig. 5.59. Pre-stall Cd shifted to 
angl~ greater then stall and the data was expanded to fit the greater range of angles. This 
resulted in airfoil performance being much higher than the 2-D predictions. The outboard 
sections had minimal post stall corrections, while the three inboard airfoils had a signifkant 
shift to high<.•r C1. 
By using the stall delay model the calculated data compared better to the e-xperimental 
data. Figures 5.60 5.62 show the experimental re ults, the stall delay model and the non-
stall delay model. The stall delay model hilS the best comparison. The stall delay model 
which inereas d Ctma.r and increased drag by 0% matched experimental results well. At the 
highest pitch setting, the power was underpredicted by PROPID. While in the stall delay 
regime, the 3-0 drag may noL remain n.t the low 2-D values as modeled in the Corrigan 
corrpction . Post stall 3-D drag may continu to increase and be higher than the Corrigan 
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c, 
PROPIO Airfoil Data With Post Stall Model 
o 20% Radius, Re=20000 
0 35% Radius, Re=40000 
o 50% Rad1us, Re=46000 
li. 70% Radius, Re=47000 
• 90% Radius, Re=33000 Jor---~----~---,----,----,,----.--~ 
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a (deg) 
Figure 5.59: The stall delayed lift curve slope for 5 positions for the Ramoser 9.9D vario-
PROP at J =O. , 1000 RPM, and high pitch. 
correction models. Poor predictions seen without the stall delay assumptions were overcome 
by using existing stall delay models demonstrating their validity at low Reynolds numbers. 
However, the models still required refinment in order to produce highly accurate results. 
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Ramoser 9.90 varioPROP Stall Delay Predicted Comparison 
o 20 deg, 6000 RPM, Experimental 
<a 39 deg, 4000 RPM, Experimental 
o 20 deg, 6000 RPM, Calculated wtthout stall delay 
1> 39 deg, 4000 RPM, Calculated without stall delay 
• 20 deg, 6000 RPM, Calculated with stall delay and extra drag 
e 39 deg, 4000 RPM, Calculated with stall delay and extra drag 08~----~~----~----~------r---~-r----~~----~ 
o o L __ _L __ ...-1. __ ___.~ __ ---::~--~o=-------=-172--~4 
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Figure 5.GO: Compltrison bct,ween calculated and expcrimentl\.1 cfficienry for the Ramo cr 
Tcchnik r Design 9.9D varioPROP at three 75% pitch settings. 
Ramoser 9.90 varioPROP Stall Delay Predicted Comparison 
o 20 deg, 6000 RPM, Experimental 
~ 39 deg, 4000 RPM, Experimental 
o 20 deg, 6000 RPM, Calculated without stall delay 
1> 39 deg, 4000 RPM, Calculated without stall delay 
• 20 deg, 6000 RPM, Calculated with stall delay and extra drag 
• 39 deg, 4000 RPM, Calculated with stall delay and extra drag 0 . 151-----.--=-----.------.----.....----=---.-----.-=---~ 
oooL----L---L-----~----J~---~--~~-~~ 
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Figure 5.61 : Comparison between calculated and experimental thrwt coefficient for the 
Ramoscr T('chnik + Design 9.9D varioPfiOP at three 75% pitch settings. 
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Ramoser 9.90 varioPROP Stall Delay Predicted Comparison 
o 20 deg, 6000 RPM, Experimental 
~ 39 deg, 4000 RPM, Experimental 
<> 20 deg, 6000 RPM, Calculated without stall delay 
!> 39 deg, 4000 RPM, Calculated without stall delay 
• 20 deg, 6000 RPM, Calculated with stall delay and extra drag 
• 39 deg, 4000 RPM, Calculated with stall delay and extra drag 025r------.------.------.------r---~~----~~----~ 
oooL------L------L------L----~~----~----~~----~ 
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Figure 5.62: Comparison between calculated and experimental power coefficient for the 
Ramoscr Trchuik t Design 9.9D varioPROP at three 75% pitch settings. 
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Chapter 6 
Propeller Tiplet Performance 
Comparison 
Great Platws I'M manufactured three propellers with small tiplets under the Power Flow™ 
name. They claimed better performance because the tiplets ··reduce drag and increase thrust 
by improving the blade lift over drag curve" [12]. The small tiplets are shown in Fig. 6.1. 
A propeller tips produce no thrust , just like a wing produces no lift at the tip. The lift 
to drag ratio of a wing can be improved with winglets so propeller tiplets could improve 
propeller performance. To understand the performance changes, the three propellers with 
tiplets were compared to a set of control cases. For the first control case, the tiplets on a 
PowerFlow propeller tips were cut and sanded to be smooth and resemble a normal propeller 
allowing direct comparison between two propellers with identical geometry with and without 
tiplets. NPxt a comparable APC propeller was elected to compared the tiplet propeller to 
a well-designed direct competitor. The three test cases and the comparison propellers are in 
Table G.l. 
Table 6.1: List of Propellers Tested to Compare Tiplet Performance 
Tiplet case Tiplets removed case Comparable Propeller 
Brand GrNtt Planes PowerFiow Great Planes PowerFiow APC Slo-Flyer 
with tiplets without tiplets 
Case I 10x 3.5 10x3.5 10x3. 
Ca...,r 11 10 X •L5 10x4.5 10x4.7 
Casr HI 11 x4.5 11 x4.5 11 xc!.7 
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Figure 6.1: A close up of the the Great Planes PowerFlow tiplets. 
6.1 Experimental Results 
The Figs. 6. 1 6 2 display each comparison case for the three Great Planes PowerFlow 
propellers. Each plot has the PowerFlow propeller, PowerFlow propeller with the tiplets 
removed, and the comparable APC propeller. First the geometry of the propellers was 
pre)ented a.o; a front image, a side image and a plot of twist and chord. For these cases, the 
geometry was taken from PropellerScanner. Then the propeller performance, TJ, Cr, and Cp 
were plotted v('rsus advance ratio for one or two RP~I settings. Finally, the static plots (Cro 
and CPu vrrsus propeller speed) were plotted. 
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Figure 6.2: Great Planes 10x 3.5 PowerFlow front and side view and plotted geometric 
charactcrisl ics. 
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Figure 6.3: APC 10x 3. Slo-Flycr front and side view and plotted geomet ric characteristics. 
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Great Planes 10x3.5 PowerFiow11=6000 
o Power Flow (tiplets)o APC 10x3.8 
o Power Flow (No Tiplets) 
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Figure 6.'1: Great Planes 10 x3.5 PowerFlow efficiency curve comparison at 6000 RPM. 
Great Planes 10x3.5 PowerFiow11=6000 
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o Power Flow (No Tiplets) 
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Figure 6.5: Cn·at Planes 1Q x3.5 PowerFlow thrust coefficient comparison at 6000 RP~L 
95 
0 10 
0.00 
00 
Great Planes 10x3.5 PowerFiow 0=6000 
o Power Flow (tiplets)c APC 10x3.8 
o Power Flow (No Tiplets) 
--
~ ·~ ~ ·~ 
0.2 0.4 
J 
~ ?Eo 
0.6 0.8 
Figure 6.6· Great Planes 10x3.5 PowerFiow power coefficient comparison at 6000 RPM. 
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Pigurc G.7: Great. Planes 10 x3.5 PowcrFlow static thrust coefficient comparison. 
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Figur<' G. Crral Planes 10x3.5 PowcrFlow static power coefficient comparison. 
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Figure 6.9: Great Planes 10x 4.5 PowerFlow front and side view and plotted geometric 
characLcristics. 
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Figure G.lO: APC 10 x 4.7 Slo-Fiycr front and side view and plotted geometric characteristics 
(Ref. [2]). 
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Great Planes 10x4.5 PowerFiowQ=6000 
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Figure 6.11: Great Planes 10x4.5 PowerFlow efficiency curve comparison at 6000 RPM. 
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Figure 6.12: Great, P lanes 10 x 4.5 PowerFlow thrust coefficient comparison at 6000 RP I. 
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Figure 6.13: Great Planes 10x 4.5 PowerFlow power coefficient comparison at 6000 RPM. 
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Figure 6.111 : Great Plnncs 10x4.5 PowerFiow efficiency curYc compari on at 4000 RP~L 
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Figure 6.15: Great Planes 10x4.5 PowerFlow thrust coefficient comparison at 4000 RPM. 
Great Planes 10x4.5 PowerFiow0=4000 
o Power Flow (tiplets)e APC 10x4.7 
o Power Flow (no tiplets) 
0.10 ~---r--_;____,,-----r-r----:-----t 
o.oo L--__L---L.--_.IL-6 ---:0 a 
0.0 0.2 0.4 0. . 
J 
Figure 6.16: Great Planes 10x4.5 PowerFlow power coefficient comparison at 4000 RPM. 
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Figure 6.17. Great Planes 10x 4.5 PowerFlow static thrust coefficient comparison. 
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Figure 6.1 Great. Ph\nes 10x 4.5 Powerflow static static power coefficient compari on. 
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Figure 6.19: Great Planes ll x4.5 PowerFlow front and side view and plotted geometric 
charactcrist ics. 
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Figure 6.20. APC 11 x -1.7 Slo-Flyer front and side view and plotted geometric characteristics 
(Ref. [2]) . 
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Figure 6.21· Great Planes 11 x 4.5 Power Flow efficiency curve comparison at 5000 RPM. 
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Figure 6.22: Creal Planes 11 x4.5 PowcrFlow thrust coefficient comparison at 5000 RP 1. 
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Figure 6.23· Great Planes 11 x 4.5 Power Flow power coefficient comparison at 5000 RPM. 
Great Planes 11x4.5 PowerFiow 0=3000 
0 Power Flow (tiplets)o APC 10x4.7 
o Power Flow (no tiplets) 
0.61------,---_:_--;,,..--..:....---,------1 
O.~.LO ______ OL.2-----:"0.I-4 __ __.-'--:.'"0.6:------;:0.8 
J 
Figur ' 6.21J. : CrcEtL Plaues 11 x 4.5 PowcrFlow efficiency curve comparison at 3000 RPM. 
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Figure 6.25: Great Planes 11 x4.5 PowerFlow thrust coefficient compari on at 3000 RPM. 
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Figure 6.26: CreaL Planes llx4 .5 PowcrFlow power coefficient compari on at 3000 RPM. 
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Figure 6.27: Great Planes 11 x 4.5 PowerFlow static thrust coefficient comparison. 
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Figure 6.28: Great. Planes 11 x·1.5 PowerFlow tatic power coefficient comparison. 
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6.2 Ob ervations 
The cxpcnrncnt data showed interesting results for the tiplet propellers and the control cases. 
Tiplrts hnd n positivr rffcrt because in each case the propeller with the tiplets performed 
better then the propeller with the tiplets removed. The tiplets increased the propeller 
efficiency through increasing coefficient of thrust, a smaller increase in coefficient of power. 
In the static trsl this holds true for the two higher pitch {4.5 in.) propellers. The 10x3.5 
shmwd minimum difference between tiplets and no tiplets. The four Great Planes 10x 3.5 
PowerFlow propellers purchased were the only ones that required balancing before testing. 
When testing over a range of advance ratios, the increased performance was most evident 
at higher rate::-. of rotation as opposed to lower rates of rotation. When rotating slower the 
tiplets had a small affect while when rotating quickly the tiplets increased performance. 
These results showed some promise for tiplets, but when comparing to the APC propeller, 
tiplrts show<'<! limits. The APC propeller had the highest efficiency in all cases. This 
showed a well-designed propeller outperformed a tiplet propeller. The APC produces a 
lower coefficient of thru t and power, but had a higher efficiency. 
It is unknown how an APC propeller geometry with the tiplets would have performed. 
The tiplet propt'llers were much earlier in their life cycle and improvements in geometry 
could increase their performance. The tiplet propellers had less taper and larger chord, 
particularly toward the tips. Tiplets will always need significant support at the outboard 
position so the geometric options will be limited. At the tips the APC propeller was much 
narrower and mny have been unable to support a tiplet. While tiplets had a po itive effect, 
a better desig1wd propeller without tiplets outperformed the tiplet-s propellers in terms of 
cffirirncy. 
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Chapter 7 
Conclusions 
This set of experiments showed a number of expected trends. The propeller performance 
trends were consistent with previous data collected by Brandt [2J and Tehrani [3]. The detail 
analysis of post stall behavior of small propellers expanded the knowledge of low Reynolds 
post stall aerodynamics. 
The variable pitch propellers provided more insight into how Reynolds number affected 
propeller performance at different RPM settings. Reynolds number influences on perfor-
mance were seen during tests when the propeller airfoils were at moderate angles of attack. 
At extreme angles of a ttack, airfoil performance was not dependent on Reynolds number 
and propeller performance did not change with rotation speed confirming that performance 
of blade sect ions at extreme angles of attack does not depend on Reynolds number. 
The predictions from PROPID showed the regions where propeller performance was 
hardest to predict. These regions corresponded to extreme angles of attack where the airfoil 
performance i& difficult to predict.. Extreme angles of attack occurred when propellers were 
at high pitch and low advance ratios. In these areas the accuracy of the predictions was low. 
In the regions were airfoils operated at high lift to drag ratios (normal angles of attack) the 
propeller performance predictions were much better. 
In regions where the predictions diverge from e-xperimental data, propeller performance 
was significant ly influenced by post stall aerodynamics. Geometry, pitch and propeller speed 
influenced where the propeller aerodynamics enter the post stall regime. More taper, higher 
pitch and higher rate of rotation all increased the importance of post stall aerodynamics 
in modeling propeller performance. Existing post stall models improved the predictions, 
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but the models still need improvement for some of the test cases. The post stall models 
under pnxhctcd Cp which was caused by drag values being too low. The under prediction 
indicated that the drag does not stay small as the existing post stall models predict but 
instead incrca..<.;cs in the post stall regime. The drag increase seems to follow the 2-D behavior 
with high drag after the 2-D stall angle, unlike lift which follows a higher 3-D curve to an 
increased Ctm4r in the post stall case. The difference in the modeling of post stall drag would 
account for the increase in power which results from drag seen in the stall delay cases. 
The t iplet propellers showed how tiplets can improve performance at low Reynolds num-
ber ·. particularly in cases where the airfoil was generating significant lift. The tiplets im-
pro\·ed performance of the specific geometry, but the tiplet propellers were outperformed by 
a better designed traditional propeller. The tests demonstrated that tiplets can be used to 
improve propeller performance but the specific tiplets tested needed to be improved before 
they outperform a well designed traditional propeller. The propellers with tiplets required 
additional strength to support the tiplets which forces the tips to have a larger chord then 
traditional propellers. Tiplets have the potential to improve propeller performance, but the 
te::;ted propellers were not designed well enough to outperform traditional propellers in terms 
of efficiency. 
7.1 Future Work 
Through completing this research many additional ideas for research have been discussed. 
The ideas all continue research and understanding of small propellers. 
Additional data 0 11 prcdicLing propeller performance could be obtained by slicing pro-
pellers previous tested by Brandt [2] and Tehrani [3]. By gathering accurate twist, chord and 
· f · · · · d ld b plied to further understand propeller a1r oil data, the cx1st.mg cxpenmental ata cou e ap 
prcdict.ions. By selecting a variety of different propellers steps could be taken to better 
understand and to better predict small ::;calc propellers. 
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The second idea is to generate better inputs for the BEMT code by generating better 
propeller geometry and airfoil performance data. One method is to make airfoil models to 
t~t in a wind tunnel, but this is costly and time consuming. A simpler method would be to 
lake existing experimental airfoil data and custom manufacture a propeller or wind turbine. 
By selecting an airfoil that has been tested with high lift devices such as suction or blowing an 
attempt could be made to understand the post stall performance in a 2-D environment. The 
propeller or wind turbine could be made using rapid prototyping techniques. An advantage 
to using a wmd turbine over a propeller is that the lower rotational speed would result in 
lower structural loads. By selecting the propeller geometry, the model used in simulation 
will be exactly known eliminating measurement errors and resulting in less uncertainty with 
the model. 
A third idea is to use the data developed in writing this thesis to find additional relation-
-hip·. Expanding the set of predicted results for propellers tested in this thesis could show 
more trends . Using the existing PROPID input files, a number of quick comparisons could 
be done such as an investigation of Reynolds number influences on post stall performance 
by looking at the affects of scaling propellers within a type. 
The next tdea is to better understand the drag behavior in post stall. The research 
indicates that the current models do not properly model drag. Additional research could 
develop a better post stall drag model. The post stall model with improved drag predictions 
should betler match the experimental results. Additionally, the research may be able to 
show theoretically what is occurring on the propeller blade in the post stall regime. Through 
understanding drag, the models can be improved and fundamental flow principles may be 
better nnderst ood. 
T he test setup needs two improvements in the propeller speed measurement. First, the 
h · · · · t t p and often caused fru tration. A new P otoscnsor wn~ <hff1r ul t and tnne consummg o se u 
sensor tha t is easy to setup and delivers more reliable result would improve te ting. 
Tl fi · 1 1 •• ftwar·c x·equires an update to deal with the propeller tc nal point ts t H' compu~ct so 
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speed creep issue. Currently, the algorithm matched the propeller speed with a varying 
error that the increases with each test point until it decreases in a large step. Updating 
the ~oftware ljO Lhe propeller speed error was consistent across all test points would improve 
results. To eliminate creep, the software should set the propeller speed the same way at 
each test point . Set tmg the speed consistently could involve decreasing the rate of rotation 
outside of the accept able range and then running the subroutine to set the speed back within 
thr arrrptahlr range'. Anoth<'r method would be to significantly decrease the error tolerances 
for the propellN speed, particularly the upper limit. Smaller tolerances would bound the 
creep to a much smaller range of propeller speeds and decrease this error. Either way would 
increase the accuracy of the experiment and eliminate the comparison of data points with 
differences of more than 50 RPM. 
The difficulty in understanding small propellers comes from a difficulty in predicting 
airfoil performance at low Reynolds number and post stall. As these areas become better 
understood propeller performance will be easier to predict. A first step is to understand the 
limtts to the models, so certain regimes of propeller performance can be approached with 
more caution and more detailed analysis. 
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Appendix A 
Tabulated Measured Geometry 
The geometric data measured by cutting selected Ramoser Technik + Design varioPROP 
propeller~ b list in Appendix A. Each propeller was cut at a number of radial locations. At 
each location the local twist and chord was recorded; by interpolating the data it is be listed 
at every 5%. The values with stars were too close to the tip or hub to be measured, and were 
mstead e:mnated using the closest measurement and physical inspection. The Great Planes 
PowerFlow and APC Slo-Flyer propeller geometries were measured using PropellerScanner. 
At certam radial locations the airfoil coordinates were digitized. The locations were at 
approximately 30%, 50%, 75% and 90% 100%. The airfoils were named using the propeller 
diameter and letter designation , followed by a number 1--4 representing the radial position. 
The most inboard was 1 and the most outboard was 4. Each airfoil has XFOIL computed 
performance at 50,000 Reynolds number and 5 deg angle of attack shown. The dashed line is 
the inviscid solution and the solid is the viscous solution. After the figures, the coordinates 
for the fou1 airfoils of the propeller are listed. 
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Ramoser Tcchnik + D esign Ramoser Technik + D esign Ramoser Technik + Design 
varioPROP varioPROP varioPROP 
.OG 9.9D 9.7SG 
r, R c/R [] r/ R c/R {3 r/ R cf R {J 
0.15* 0.19 60 0.15* 0.124 63.00 0.15* 0.083 63.62 
0 20* 0.1 55 0.20* 0.146 63.00 0.20 0.099 61.87 
0 25 0.17 5010 0.25 0.173 60.79 0.25 0.111 60.76 
030 0.202 ·15 2 1 0.30 0.203 56.04 0.30 0.120 57.76 
0 35 0.221 41 73 0.35 0.211 51.36 0.35 0.135 54.49 
0..10 0 229 39 30 0.40 0.209 46.92 0.40 0.149 50.59 
0.45 0 231 37 09 0.45 0.199 45.86 0.45 0.159 48.55 
050 0 231 35 31 0.50 0.190 43.99 0.50 0.165 45.83 
055 0 229 33 90 0.55 0.180 42.19 0.55 0.170 44.07 
0.60 0.221 32 6-1 0.60 0.170 41.07 0.60 0.172 42.08 
0.65 0.210 31.65 0.65 0.157 41.00 0.65 0.171 41.28 
0.70 0. 19~ 30. 6 0 70 0.144 40.19 0.70 0.169 40.45 
0 75 0.1 4 29 50 0.75 0.129 38.56 0.75 0.164 39.57 
o. 0 0.167 28.67 0.80 0.112 37.28 0.80 0.155 38.74 
o. 5 0 11 2 H 0. 5 0.096 37.59 0.85 0.138 37.98 
0 90 0.124 27 60 0.90 0.079 37.48 0.90 0.110 37.04 
0 95 0.079 27 21 0.95 0.054 36.57 0.95 0.072 36.29 
J.OO• 0.0·10 27 .00 1.00* 0.032 36.00 l.OO* 0.020 35.00 
Ramoser T echnik + D esign Ramoser Technik + Design Ramoser Technik + Design 
varioPROP varioPROP varioPROP 
8.1D Firs t Cut 8 .1D Second Cut 7.0D 
r/ R c R J r/ R c/R {3 r/ R c/ R {3 
0 15 N/ A N/ A 0.15 N/A / A 0.15 Nf A N/ A 
0 20 N/ A N/ A 0.20 N/A N/A 0.20 /A N/ A 
0 25 N/ A N/ A 0.25 N/ A N/ A 0.25 0.1 5 54.63 
030 N/A N/ A 0.30 0.156 53.11 0.30 0.202 51.15 
035 0 170 14 6 0.35 0.165 47.77 0.35 0.212 47.68 
0.40 0.171 42 .99 0.40 0.171 43. 0 0.40 0.212 44.24 
0.45 0 171 11 5 0.45 0.170 43.13 0.45 0.206 40.60 
0.50 0 167 39 96 0.50 0.166 41.37 0.50 0.19 3 .82 
055 0 16 1 39 0 0.55 0.161 39.4 0.55 0.190 3 .51 
0 60 0.153 37.52 0.60 0.155 37.94 0.60 0.177 36. 
065 0 145 36 41 0.65 0.144 37.10 0.65 0.163 35.67 
0.70 0 13 1 35.19 0.70 0.133 36.32 0.70 0.14 
34.9 
0.75 0 121 33 72 0.75 0.121 35.10 0.75 0.135 
34.41 
0. 0 0.10 1 32.5 1 0. 0 0.107 33.7 0. 0 
0.1 21 34.00 
0 85 0.092 31.2 0. 5 0.089 32.99 o. 5 
0.103 34.00 
0.90 0.075 0.90 0.075 32.25 0.90 0.087 
33.44 
31.59 
0.95 0 052 0.95 0.05·1 33.41 0.95 
0.063 33.23 
32 18 33. 099 0.029 32 5 0.99 0.035 35.00 1.00 
0.029 
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Great Plane G reat Planes Great Planes 
Power Flow P ower F low Power Flow 
10 >< 3.5 10 x 4.5 ll x 4.5 
Ftg 62 Figs. 6.9 Figs. 6.19 
r/ R c/ R fJ r/R c/R 13 rf R cfR 13 
0 15 0.11 1 24 96 0.15 0.114 31.07 0.15 0.114 28.70 
0.20 0.129 24 56 0.20 0.130 31.37 0.20 0.128 28.46 
0 25 0 116 23 30 0.25 0. 14 29.74 0 .25 0.145 26.97 
0 30 0.165 21 12 0.30 0 167 26.77 0.30 0.163 24.44 
035 0 l 1 l 6 0.35 0.183 23.34 0.35 0.179 21.46 
ow 0.193 16 61 0 40 0 195 20.49 0.40 0.192 18.86 
0 15 0 203 119 0.45 0 205 18.36 0.45 0.202 16.95 
0.50 0 209 13 7 0.50 0.211 16.68 0.50 0.209 15.52 
0.55 0 213 12 91 0.55 0.215 15.29 0.55 0.213 14.45 
0 60 0.211 12 10 0.60 0.216 14.11 0.60 0.215 13.41 
065 0 213 11 .52 0.65 0.215 13.13 0.65 0.215 12.60 
0 iO 0 209 10 9 0.70 0.209 12.26 0.70 0.212 12.01 
0 75 0 200 10 52 0.75 0.200 11.55 0.75 0.204 11.43 
0 0 0 1 7 101 0. 0 0.186 10.98 0.80 0.192 10.98 
0. 5 0 16 9.7·1 0. 5 0. 16 10.27 0.85 0.175 10.39 
0.90 0.116 92 0.90 0 145 9.74 0.90 0.153 9.93 
0 95 0 115 6 0.95 0. 110 .99 0.95 0.124 9.58 
I 00 0 0!-.1 07 1.00 0.075 .21 1.00 0.094 9.23 
APC APC APC 
!~Flyer Slo-Flyer Slo-Flyer 
10x 3 .8 10 x 4. 7 ll x 4 .7 
Fig:.. 6 3 F igs. 6.1 0 Figs. 6.20 
Reference [2J Reference [2] 
r/ R cf R J r/ R c/ R 13 r/ R cfR 13 
0.15 0.112 35 51 0.15 0.109 21.11 0.15 0.112 19.64 
0 20 0 131 31 0 0.20 0. 132 23.90 0.20 0.137 21. 1 
0 25 0 157 2 7 0.25 0. 156 2-1.65 0.25 0.160 22.45 
030 0 177 2 1 16 0.30 0.176 24.11 0.30 0.1 1 21. 
0 35 0 191 20 5 0.35 0.193 22.7 0.35 0.19 20.73 
040 0 20 I 2 0.40 0.206 21.01 0.40 0.211 19.14 
045 0.21 16 3·1 0.45 0.216 19.00 0.45 0.221 17.30 
050 0 225 II 79 0.50 0.223 17.06 0.50 0.227 15.5 
0.55 0 22 13 15 0.55 0.226 15.33 0.55 0.230 
14.06 
060 0.227 12 34 0.60 0.225 13. 2 0.60 0.22 
12.71 
065 0 222 11 26 0.65 0.219 12.51 0.65 0.222 
11.53 
0.70 0.2 14 10 18 0.70 0.210 11.36 0.70 
0.213 10.47 
0.75 0.201 0.75 0.197 10.27 0 .75 
0 .199 9.53 
9.2·1 
0.80 0 I 1 o. 0 0.179 9.32 o. 0 0.1 1 .63 8.3:3 
0.85 0.163 0. 5 0.157 .36 0. 5 
0.15 7.71 
7.35 
o.oo 0.1:! 0.90 0.130 7.27 0 .90 0.132 
6.61 
6.53 0.95 0.0 1 5.2 0 95 0 098 (j 03 0.95 0.0 7 6.1 5 0.035 3.93 1.00 0.056 5.55 1.00 0.042 5.04 1.00 
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Ramoser 8 OG varioPROP 
0.768 
I 
II 
. ~ o :-.·~ II 
·1.5 
II .. ···· .. ', ... 
.. ~ ~ ..... .. • 
......... 
.......... 
0.5 ,....,.· ....... --··· ·- .................................... --
' 
1.0 
8.0G 4 
Ramoser B.OG varioPROP 
0.909 
-2.0 ..... 
.... 
·0.5 
0.!> 
.............. ...... 
8.0G 3 
Re • 0.050•10' 
a • s. oooo• 
CL • 0 . 6102 
c. • ·0. 1283 
c, • 0. 08108 
liU. 7.53 
N.... 9.00 
B.OG 4 
Re • 0.050·10' 
a • s. oooo• 
c. • 1.0068 
c. • -o. tDI'I 
c. • 0. 02373 
L/1). 42.'13 
"'·. 9.00 
1. 0 ~-------------~~~======= 
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.OG Airfoil Coordinates 
.OG 1 S.OG 2 S.OG 3 8.0G 4 
I , C yfc xfc yfc xfc yfc x/c yfc 
0 99953 -0 00 70 1.0009 0 005793 0.99944 
-0.005685 0.99941 -0.009184 
0.9921 -0 .010793 0.99466 0.007733 0.99334 
-0.006647 0.99295 
-0.008791 
0 9 193 -0.013213 0 9 299 0.0112 9 0.98389 
-0.007484 0.98099 -0.008108 
0 97136 -0.014 92 0.96 13 0.015685 0.97370 
-0.007538 0.96625 -0.007341 
0.96015 -0 015617 0 95166 0 .020678 0.96217 
-0.006778 0.94974 ~0.006538 
0 9~ 31 -0.015 11 0 93361 0.025934 0.94839 
-0.005250 0.93252 -0.005680 
0 93101 -0.014551 0.91530 0.031141 0.93202 
-0.003337 0.91538 -0.004693 
091711 -0.013414 0. 9718 0.036106 0 91406 
-0.001180 0.89823 -0.003495 
0. !)767 -0 012175 0.87942 0.040742 0.89522 0.001151 0.88086 -0.002099 
0. 7635 -0.01091 0. 61 1 0 045069 0.87605 0 .003599 0.86324 -0.000554 
0 53 2 -0 009710 0 4400 0.049162 0.85662 0.006150 0.84539 0.001091 
o. 3063 -0.008592 0.82562 0.053131 0.83701 0.008757 0.82737 0.002794 
o. 0716 -0 007596 0. 0659 0.057055 0. 1740 0.011362 0.80932 0.004506 
0.7 361 -0 006741 0.7 721 0.060930 0.79793 0.013913 0.79138 0.006180 
0.76010 -0.00601 0 76767 0 06477 0.77864 0.016376 0.77360 0.007777 
0.73666 -0 005536 0.74 0 0 06 63-1 0.75957 O.Dl8717 0.75599 0.009266 
0.71323 -0.00521 0.72 S.J 0.0724 7 0.74071 0.020907 0.73857 0.010616 
0 6 972 -0 0050 6 0.7091 0.076299 0.72207 0.022918 0.72133 0.011788 
0.66609 -0.005129 0.69010 0.0 0014 0.70362 0.024722 0.70412 0.012759 
0 6-1230 -0.005335 0.67133 0.0 35 7 0.6 531 0.026302 0.68676 0.013553 
0 61 34 -0.0056 9 0.652 0.0 6978 0.66709 0.027651 0.66915 0.014213 
0 59120 -0 006175 0.63473 0 090143 0.64895 0.02 764 0.65126 0.014792 
0569 9 -0.006775 0 61675 0.09305-1 0.63087 0.029635 0.63323 0.015354 
0.54544 -0 .007171 0.59 2 0.095704 0.612 0.030259 0.61528 0.015967 
0 520 9 -0 008251 0.5 0 9 0.09 096 0.59501 0.030615 0.59726 0.016648 
0.49632 -0 009109 0.56291 0.100248 0.57720 0.030686 0.57920 0.017357 
0.47177 -0 010039 0.5-14 6 0.1021 9 0.55933 0.030470 0.56130 0.01 035 
0.41732 -0.0110·13 0.52673 0.103970 0.54133 0.02997 0 .54373 0.018619 
0.42303 -0.012131 0.50 57 0.105613 0.52307 0.029223 0.5264 0.019029 
0 39 95 -0.013326 0.49039 0.107095 0.50447 0.02 241 0.50930 0.019222 
0.37503 -0 014656 0.47223 0.10 3 2 0.4 549 0.027084 0.49196 0.019214 
0 35114 -0 016150 0.45412 0.109450 0.46619 0.025 00 0.47426 0.019060 
0.32709 -0 017 17 0.43608 0.110279 0.44663 0.02-1429 0.45626 0.01 51 
0.30271 
-0 01962 0.41 14 0.110857 0.4268 0.02300 0.43 24 0.01 613 
0 .27 07 
-0 02150 0.40034 0.111174 0.40703 0.021579 0.42032 0.01 322 
0 25347 
-0.023364 0.3 273 0.11121 0.3 71 0.020163 0.4024 O.Dl7954 
0 22911 
-0 025135 0.365 13 0.11096 0.36741 0.01 746 0.3 470 0.017492 
0.2050 
-0.026799 0.34 5 t 0.110395 0.347 2 0.017309 0.366 9 0.016934 
0 I 164 
-0 02 34 0.33203 0.109160 0.32 4 O.Dl5 25 0 .34903 0.016292 
0 15930 
-0 029755 0.315 2 0.108110 0.309·14 0.014260 0.33113 
0.015574 
0.13 76 
-0 03097 0.29972 0.1062 0.29066 0.012560 0.3131 
0.0147 7 
0 12061 
-0 0319 0 0.2 311 0.103967 0.27193 0.010674 0.29519 
0.0139-U 
0.10519 
-0 032736 0.26674 0.101166 0.25303 0.00 597 
0.27716 0.013044 
0.09224 
-0 0332·12 0.24965 0.097933 0.233 2 0.006366 
0.25910 0.012104 
0.0 140 0.23225 0.0943 5 0.21439 0.00-1074 0.24107 
0.011129 
-0 033479 0.22316 0.010120 0 0721 
-0.033440 0.21491 0.0906 4 0.19-192 0.001 26 
0.06120 0.19771 0.0 6 39 0.17532 -0.000375 
0.2054 0.0090 15 
-0 033145 
-0.002560 0.1 05 0.007 63 0.05720 
-0.032630 0.1 05 0.0 2763 0.1556ll 
0.05101 0.07 366 0.13605 -0.00-1740 
0.170 1 0.006525 
-0 031931 0.163·16 Continued on next page 
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- S.OG continued from previous page -
OG 1 rontmued OG 2 continued 8.00 3 continued 8.00 4 continued 
x c yfc yfc xj c yj c x jc y fc 
0 0.1517 -0 031076 0 14637 0.0735 1 0.11679 -0.006921 0.15355 0.004981 
0 0·1011 -0 03012·1 0.12951 0.068391 0.09811 -0.009088 0.13605 0.003262 
0 035 0 -0 029202 0 11303 0.062885 0.0 071 -0.011127 0.11832 0.001448 
0.03149 -0.02 107 0.09714 0.057179 0.06547 -0.012893 0.10083 ~0.000320 
0 027 16 -0.0277 0.08 184 0.051329 0.05326 -0.014283 0.08390 -0.001969 
0 02373 -0.027270 0.06730 0.045493 0.04368 -0.015253 0.06850 -0.003446 
0 0203-t -0 026693 0 05392 0.039 31 0.03588 -0.015945 0.05551 -0.004727 
0.01727 -0 025955 0.0.1247 0.034688 0.02959 -0.016498 0.04539 -0.005879 
0 01149 -0 0249 1 0.03349 0.030362 0.02454 -0.016889 0.03754 -0.006700 
0 01200 -0 02371 3 0.02630 0.026642 0.02038 -0.016942 0.03104 -0.007220 
0 00976 -0 022123 0 02043 0.0234 0 0.01684 -0.016622 0.02543 -0.007781 
0.00776 -0 020254 0.01571 0.020883 0.01374 -0.015945 0.02067 -0.008520 
0 0059 -0 01 153 0 01197 0.01 640 0.01099 -0.014937 0.01668 -0.009351 
0.00113 -0 015 60 0.00902 0.016544 0.00854 -0.013671 0.01337 -0.010021 
0 003W -0 013 11 5 0.00666 0.0144 3 0.00640 -0.012215 0.01060 -0.010421 
0 00199 -0 010 62 0 00476 0.01239 0.00456 -0.010611 0.00826 -0.010528 
0 00113 -0 00 239 0.00322 0.010246 0.00303 -0.00 82 0.00627 -0.010329 
0.00051 -0 005567 0 00199 0.008029 0.001 0 -0.007044 0.00457 -0.009805 
0 00013 -0 002 60 0 00105 0.00577 0.00089 -0.005102 0.00316 -0.008922 
0 00000 -0 000129 0 00040 0.003520 0.00030 -0.003058 0.00201 -0.007644 
0.00011 0.002617 0.00006 0.00127 0.00003 -0.000927 0.00111 -0.005!>96 
0 00017 0.005373 0.00003 -0.000921 0.00005 0.001272 0.00046 -0.004007 
0 001W 0.00 134 0.00035 -0.003041 0.00036 0.003519 0.00008 -.0.00169 
0 00199 0 010 9 0.00103 -0.005050 0.00095 0.005791 0.00002 0.000907 
0.00315 0 013656 0.00205 -0.006931 0.00184 0.008060 0.00038 0.003753 
0.00462 0 01639 0.0033 -0.00 691 0.00305 0.0102 9 0.00131 0.006702 
0.0064 1 0 01910 0.00500 -0.01032 0.00460 0.012425 0.00297 0.009595 
0 00857 0 021760 0 00691 -0.011 32 0.00657 0.01444 0.00551 0.0123 1 
0 01113 0.02·133 0.00911 -0.01317 0.00902 0.016397 0.00900 0.015030 
0.0141 1 0 026 91 0.01161 -0.014321 0.0120 0.01 331 0.01339 0.017565 
0 0176 1 0 029507 0.01441 -0.0151 7 0.01594 0.020367 0.01865 0.020097 
002 16 1 0032319 0.01752 -0.015724 0.02079 0.022729 0.02511 0.022720 
0 0261 1 0 035 196 0.02106 -0.015926 0.026 I 0.025597 0.03331 0.025592 
0 03110 0 0390 7 0.02522 -0.015 03 0.03-117 0.02 990 0.04362 0.02 777 
0.03673 0 0 130 7 0.03027 -0.015453 0.0432 0.033032 0.05594 0.03218 
0 01317 0.0 1750-1 0.03656 -0.0150·1 0.05479 0.03 020 0.07008 0.035752 
0 05060 0 052 t 12 0.0-1436 -0.014570 0.06 16 0.043662 0.0 54 0.039344 
0 05903 0 057797 0.05394 -0.013 16 0.0 270 0.0494 0 0.10156 0.042851 
0 06 46 0 063466 0.06615 -0.012655 0.09 02 0.055242 0.11799 0.046201 
0 07900 0 069290 0.0 140 -0.011149 0.11394 0.060 31 0.13458 0.049360 
0 090 6 0.075253 0.09 79 -0.009340 0.130-12 0.066274 0.15124 0.052313 
0 10119 0 0 1400 0.11747 -0.007325 0.14725 0.071541 0.16793 0.055046 
0 11905 0 0 777 0.13671 -0.005190 0.16125 0.076585 0.1 464 0.057554 
0. 13525 0 094336 0.15625 -0.002969 0.1 127 0.081352 0.20139 0.059 34 
0 15242 0 10091 0.17590 -0.000702 0.19 29 0.085 11 0.21 19 0.061 93 
0.17011 0 1073:l I 0.19546 0.001557 0.21541 0.0 9975 0.23507 ~:~~;~~ 
0. 18 0 1 011 3 109 0.21491 0.00377 0.23269 0.093 0 0·25203 0.066 20 
0.20591 0 119025 0.23432 0.005991 0.25005 0.09754 °·26908 
0 22370 0 12 1 J 26 0.25350 0.008230 0.26711 0.100 95 0.2 624 0.06 °79 
0 2-1110 0. 128687 0.27235 0.010502 0.2 375 0.1~3 25 °·30351 0·069173 Contmued on ne:d. page 
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OG 1 continued 
.OG cont inued from previous page -
.OG 2 continued 8.0G 3 continued 8.0G 4 continued 
.r c y/ c x/c y/c X C yfc X C yfc 
0 25911 0 132703 0 29102 0 012667 0.30002 0.106290 0.32087 0.070114 
0.27699 0 136191 0.30974 0.014574 0.31610 0.108266 0.33831 0.070912 
0.29520 0 l.J9202 0 32 76 0 016199 0.33228 0.109778 0.35579 0.071575 
0.31392 0 141773 0 31 07 0.017617 0.34877 0.110878 0.37331 0.072105 
0 3332 1 0 113955 0 36764 0.01 937 0.36565 0.111608 0.39084 0.072506 
0 35317 0 145791 0.3 739 0.020228 0.38293 0.112013 0.40838 0.072778 
0 37361 0 117313 0.40722 0.021559 0.40053 0.112129 0.42591 0.072919 
0 39·1·12 0 14 521 0.42704 0.022977 0.41832 0.111971 0.44343 0.072928 
0 11511 0 1 1912 044676 0.024432 0.43625 0.1 11551 0.46095 0.072803 
0.43636 0 150010 0.46629 0.025823 0.45429 0.110877 0.47845 0.072544 
0.15693 0 150336 04 556 0.027053 0.47240 0.109959 0.49594 0.072149 
0. J7697 0 150256 050152 0.02 069 0.49055 0.108806 0.51341 0.071615 
0 ·19652 0 1·19755 0.523ll 0.02 57 0.50872 0.107425 0.53085 0.070940 
0 51565 0 1·1 79 0.5113-l 0.029410 0.5268 0.105819 0.54827 0.070121 
0.53.t52 0 1-17317 0 55932 0.029722 0.5449 0.103990 0.56567 0.069151 
0 553t0 0 115355 0.57716 0.02979 0.56301 0.101935 0.58309 0.068028 
0 5i25.5 0 112 26 0 .59495 0.029635 0.5 096 0.099644 0.60059 0.066760 
0.59212 0 1397 0 0.61279 0.029239 0.59 6 0.097108 0.61817 0.065361 
0 6121 0 13621 0.63076 0.02 627 0.61675 0.094317 0.63584 0.063846 
0 63270 0 132274 0.64 1 0.027817 0.63470 0.091267 0.65362 0.062230 
0 65356 0 12793 0.6669-1 0.026 25 0.65281 0.087946 0.67150 0.060531 
0 67442 0 123329 0.68514 0.025667 0.67122 0.084372 0.68950 0.058781 
0 69504 011 -170 0 .70344 0.024357 0.6 993 0.080587 0.70743 0.057022 
0.71531 0 113313 0.721 9 0.022905 0.70895 0.076636 0.72501 0.055234 
0.73524 0 107922 0.7405-1 0.021325 0.72 25 0.072573 0.74224 0.053337 
0.754 0 102167 0.75942 0.019634 0.74772 0.068466 0.75928 0.051260 
0.77435 0 096019 0.77852 0.017854 0.76725 0.064349 0.77631 0.04 977 
0 793 0 089395 0.797 3 0.0159 9 0.7 672 0.060238 0.79343 0.046500 
0. 1366 0 0 22 2 0.8173-l 0.014031 0. 0604 0.056144 0. 1061 0.043847 
0. 3373 0071710 0. 3697 0.01195-1 0. 2503 0.052089 o. 2791 0.0-11027 
0. 540-1 () 066737 0. 5659 0.009740 0. 433 0.04 065 0. 4535 0.03 063 
0. 7116 0 05 15. 0. 7602 0.007391 0. 6117 0.043936 0. 6290 0.0349 5 
0.89471 0 0500 10 0. 9517 0.00-1933 0. 7 76 0.039562 0. 055 0.031817 
0 91 123 0 011763 0.91395 0.002408 0. 9650 0.034 73 0. 9 26 0.02 581 
0 9323 1 0 033959 0 931 ..j -0.00004 0.91460 0.029 4 0.9159 0.025294 
0 9-1 39 0 02692 0 .9·1 1·1 -0.00225 0.93293 0.024729 0.93364 0.0219 3 
0 9622-1 0 020 62 0.961 -0.004034 0.9509 0.019617 0.95101 0.01 695 
0 9737 0 015679 0.97335 -0.00520 0.967 1 0.014 54 0.96753 0.015545 
0 9 369 0 011825 0 9 34 -0.005 26 0.9 244 0.010735 0.9 231 0.012709 
0 99339 0 009 196 0.99290 -0.00595 1 0.99-119 0.007455 0.99422 
0.010415 
1.00017 0 00 70 0.99902 -0.005793 1.00056 0.005685 1.00059 
0.0091 4 
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A1rf01l ame: 
Propeller 
r/ R locat1on: 
A1rfoil Name: 
Propeller: 
r/ R location · 
9 7SG 1 
Ramo r 9.7SG varioPROP 
0 2 9 
•2 0 •!OH 
.... 
I 5 
c .. 
I 0 
0.5 
0.0 
I 0 
9 7SG 2 
\ 
\ 
SG9. 7 I 
Re • 0. 050· 10" 
a • 5.0000" 
c.. • o. 332!1 
c,. • -0. lq6Q 
c. • 0. 18873 
1.10. I. 76 
\ H.... 9 .00 
--· ·, ~,. · · 
- - - - - - -- ... .- " l.l 
Ramoser 9.7SG varioPROP 
0 199 
-2.0 
I 5 
cp 
1.0 
0 5 
1.0 
xrot \. 
..... 
I'' 
. 
. 
' 
' 
' 
' 
' 
' 
' 
.. ... ... 
. -· 
·····-···-······· · ··· -··· 
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SG9. 7 2 
Re • 0.050•10" 
a • 5.0000" 
cl • o. 8745 
c.. • -0. 1906 
c~ • o. 10419 
l/0. 8.39 
Ncr • 9.00 
Atrfoil Name 
Propt'ller 
r/ R location · 
Airfoil Name: 
Propeller: 
r/ R location: 
-2.0 
1.5 
CP 
-1 0 
0 5 
9 7SG 3 
Ramm.er 9.7SG vanoPROP 
0.766 
WJDIL ' 
. I.. I 
I' 
I 
9 7SG I 
'\ 
I 
........... 
........ 
•, 
H.amoser 9.7SG varioPROP 
0 923 
-2.0 -'OIL • 
-I. 5 
cp 
- I . 0 
-0.5 
I. 0 
• t fl4 I' 
1 
... 
.. 
·. 
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·. 
' 
' 
SG9.7 3 
Re • 0.050•10' 
a • 5. oooo· 
cl • o. 7307 
c • • -0. 1506 
C0 • 0. 08229 
l/0. 8.88 
Ncr • 9 . 00 
SG9. 7 4 
Re • 0. 050 •10' 
a • 5.oooo• 
cl • 1. 0301 
c" • -o. 1454 
C0 • 0. 04310 
l/0 • 23.90 
N0 ,• 9.00 
9. 7SG Airfoil Coordinates 
9.7 G 1 9.7SG 2 9.7SG 3 9.7SG 4 
.I , C y c xfc yfc xfc yfc xfc yfc 
0 99273 -0 010951 0 99632 -0.00 010 0.99647 
-0.007396 1.00491 0.007018 
0 9 289 -0.010252 0.9 935 -0.006471 0.98928 
-0.006464 0.99761 0.008927 
0 9675 -0 00 37 0 97706 -0.003839 0.97602 
-0.004742 0.98441 0.012359 
0 95123 -0.005-192 0.96247 -0.000846 0.96014 
-0.002676 0.96899 0.016322 
0.93360 -0.001700 0 91595 0.002374 0.94290 
-0.000438 0.95221 0.020578 
0.91156 0.002936 0 92 04 0.005674 0.92507 0.001865 0.93480 0.024916 
0. 9129 0.00 169 0.9092 0.008926 0.90708 0.004169 0.91715 0.029225 
0. 7368 0 01319 0. 9002 0 012061 0.88906 0.006448 0.89944 0.033447 
0. 5323 0.017962 0. 7045 0.015047 0.87108 0.008681 0.88172 0.037553 
o. 3115 0.021661 0. 5061 0.017 78 0.85318 0.010846 0.86400 0.041527 
o. 07 4 0.025533 0. 3063 0 020560 0.83536 0.012922 0.84628 0.045364 
0.7 319 0.029471 0. 1040 0.023107 0.81760 0.014892 0.82850 0.049069 
0.75791 0 033191 0 7 995 0 025510 0 79989 0.016741 0.81066 0.052660 
0.73209 0.0:366 9 076925 0.027887 0.78222 0.018459 0.79276 0.056149 
0.70591 0 0399 I 0.74 33 0.0301 7 0.76455 0.020040 0.77487 0.059524 
0 67971 0.0 13011 0 72739 0.032446 0.74682 0.021496 0.75699 0.062770 
0 6535~ 0 015 21 0 70662 0 034627 0.72905 0.022839 0.73914 0.065879 
062766 0 01 305 0 6 616 0 0366 3 0 71123 0.024077 0.72131 0.068840 
0 6021 -1 0 050419 0.66610 0.038565 0.69340 0.025214 0.70350 0.071649 
0.57703 0052171 0 6-1651 0 040217 0.67558 0.026248 0.6856 0.074300 
0.55220 0 053435 0 62735 0.0-11586 0.65779 0.027174 0.66786 0.076792 
0.5275-1 005-1217 0.60851 0 04262 0.64006 0.027978 0.65002 0.079122 
0.50300 0 0!)4632 0.5 9 9 0 04332 0.62241 0.028639 0.63216 0.081292 
0.47 65 0 05 1620 0.57129 0.013693 0.60481 0.029143 0.61424 0.083310 
0.45167 0 05-1216 0.5526-1 0.04372 0.5 724 0.029482 0.59628 0.085184 
0.43124 0 053394 0.533 9 0.043437 0.56965 0.029659 0.57828 0.086919 
0.110 ·13 0 05209 1 0.51494 0.042 2 0.55212 0.029681 0.5602 0.088516 
0.3 614 0 050193 0.4956 0.041914 0.53469 0.029521 0.54232 0.089969 
0 36102 0.01759 0 17599 0.04072 0.51734 0.029155 0.52446 0.091265 
0 3 11 67 0 0-14277 0 15583 0.039352 0.49999 0.02 573 0.5067 0.09236 
0.31 77 0.010277 0.43555 0.037941 0.4 261 0.027779 0.4 926 0.093223 
0 29532 0 035 11 0 41 562 0.036501 0.46512 0.0267 3 0.47176 0.093799 
0 27197 0 03 11 27 0.39617 0.034 65 0.44749 0.025614 0.45409 0.094127 
0 2-193-1 0 026269 0 376 9 0.032950 0.42972 0.024310 0.4361 0.094262 
0.227 0 0 02 1225 0 35752 0.030741 0.411 5 0.022 99 0.41 09 0.094257 
0.20747 0 015933 0.337 9 0.02 260 0.393 9 0.021402 0.399 9 0.094135 
0.1 29 0 0103 12 0.31796 0.025556 0.375 7 0.019 36 0.3 166 0.093903 
0.17026 0.00 1550 0 297 2 0.022670 0.35779 0.01821 0.36345 0.093562 
0 15352 
-0 00126 0.27755 0 019631 0.33969 0.016559 0.3452 
0.09310-1 
0 13 27 
-0 00690 1 0.25721 0 016455 0.32159 0.014 63 0.32720 
0.092522 
0.12461 
-0 01213 1 0.236 3 0.0131 50 0.30349 0.013129 0.30922 
0.091 01 
0 11251 
-0 016673 0 21640 0.009711 0.2 541 0.011357 
0.2913 0.090917 
0.101 79 
-0 0203 5 0.195 6 0.006139 0.26735 0.009543 
0.2736 0.0 9 50 
0 09217 
-0 0232 9 0.17522 0.002472 0.24931 0.0076 4 
0.25616 0.088592 
0.08338 0.1546 -0.001214 0.23130 0.005775 
0.23 92 0.087114 
-0.025155 0.22196 0.0 5360 
0 07526 
-0 026996 0 13469 -0.00-17 9 0.21330 0.003 11 
0.06771 -0.00 095 0.19530 0.001792 
0.20524 0.0832 9 
-0 028051 0.115 4 
-0.0002 2 0.1 72 0.080867 0.06069 -0.0109 2 0.17730 
-0.028717 0.09 6 
-0.002409 0.17231 0.07 063 0.05117 
-0 029066 0.0 361 -0.013342 0.1592 Continued on next page 
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9. 7SG continued from previous page -
9 7 G I continued 9 7SG 2 continued 9.7SG 3 continued 9.7SG 4 continued 
x. c yjc. xjc yjc xjc yjc x fc y/ c 
00 1 10 -0029151 007077 -0.015167 0.14124 -0.004581 0.15596 0.074888 
0 0.12·16 -0 029013 0 06001 -0.016515 0.12320 -0.006787 0.13973 0.071365 
0037 19 -0028670 0 05111 -0.017435 0.10527 -0.008991 0.12372 0.067545 
0 03227 -0 02 145 0.01355 -0.018005 0.08776 -0.011128 0.10826 0.063502 
0 02767 -0 027447 0 03707 -0.018334 0.07131 -0.013084 0.09369 0.059234 
0 023 10 -0 026531 0 03151 -0.018503 0.05672 -0.014737 0.08005 0.054619 
0 01917 -0 025345 0 0266 -0.018498 0.04489 -0.015902 0.06726 0.049613 
0 015 7 -0 023 59 0.02245 -0.018238 0.03560 -0.016500 0.05539 0.044358 
0 01260 -0.022052 0 01 6 -0.017701 0.02818 -0.016683 0.04480 0.039172 
0 00966 -0 01991 0 01527 -0.016896 0.02213 -0.016576 0.03581 0.034308 
0 00707 -0.01760 0.01219 -0.01 5855 0.01718 -0.016047 0.02839 0.029874 
0 001 7 -0.015077 0 00915 -0 014622 0.01318 -0.015040 0.02232 0.025926 
0 00306 -0.0123 5 0 0070 -0.013225 0.00992 -0.013636 0.01736 0.022516 
0.0016 -0.00954 0.00505 -0.011679 0.00726 -0.011948 0.01333 0.019528 
0 00074 -0.006575 0.00337 -0.009984 0.00511 -0.010131 0.01006 0.016815 
0 00019 -0.0034 1 0.00204 -0.00 137 0.00339 -0.008278 0.00738 0.014282 
0 00000 -0 000276 0 00106 -0.006126 0.00205 -0.006424 0.00521 0.011872 
0.00013 0 003024 0 00041 -0.003963 0.00106 -0.0045 0 0.00347 0.009548 
0 00055 0 006 tO 0.00007 -0.001672 0.00039 -0.002746 0.00210 0.007297 
0 00123 0 009. 56 0 00001 0.000727 0.00004 -0.000916 0.00108 0.005117 
0.00216 0 013374 0 00024 0.003212 0.00004 0.000925 0.00039 0.003003 
0.00336 0 017006 0.00074 0.005759 0.00038 0.002 02 0.00004 0.000966 
0 00-1 3 0 020 09 0 0015-t 0.008334 0.00105 0.004747 0.00005 -0.001016 
0 00660 0.02 1 49 0 00266 0.010 95 0.00208 0.006793 0.00041 -0.003031 
000867 0.029190 0.00412 0.013443 0.00353 0.0095 0.00112 -0.005083 
0 01106 0.033 ' 1 0.00597 0.016026 0.00547 0.0113 4 0.00216 -0.007148 
0 0137 0 03 963 0 00 26 O.Ql 710 0.00 04 0.014059 0.00352 -0.009209 
0 016 5 0 04 11 9 0 01106 0.021 593 0.01141 0.017053 0.00523 -0.011245 
0 0203 1 0 050536 0.01410 0.024 16 0.01586 0.020425 0.00730 -0.01322 
0.02 124 0 0571 6 0 01 32 0.02 47 0.02161 0.0242 2 0.00977 -0.015102 
0 02 71 0 06 151 0 022 9 0.032600 0.02 2 0.02 976 0.01272 -0.016783 
0 033 3 0 072590 0.02 21 0.037203 0.03797 0.034771 0.01621 -0.018196 
0 03967 0 0 I 13 1 0 031-15 0.04236 0.04914 0.041461 0.02033 -0.019312 
0 0·1632 0 09 1050 0 041 1 0.04 15-1 0.06156 O.Q.l 506 0.02520 -0.020179 
0.05384 0.101371 0.05032 0.054460 0.07447 0.055306 0.03101 -0.020 23 
0.00223 0 11 2257 0.05993 0.0610 4 0.0 749 0.0614 0.03 00 -0.021244 
0 07147 0 123512 0.07066 0.067 96 0.10061 0.066931 0.04648 -0.021331 
0.0 150 0 13 190 0.0 242 0.074765 0.11414 0.071700 0.056 6 -0.020995 
0.09222 0 146229 0 09516 0.0 1591 0.12 45 0.075974 0.06941 -0.020235 
0 10356 0 157293 0.10 7 0.0 32 0.14370 0.0799-19 0.08394 -0.019037 
0 11541 0 167954 0 12312 0.091910 0.159 1 0.083744 0.10006 -0.017439 
0. 12779 0 17810 0. 13793 0.101224 0.1764 0.087426 0.11727 -0.015539 
0. 1105 0 1876 1 0.15297 0.107159 0.19335 0.090945 0.13514 -0.013438 
0 153 0 0 196639 O. IG 10 0.11 2632 0.2102 0.094265 0.15341 -O.Ol1223 
0. 16747 020 1018 0. 1 324 0.1175 I 0.22715 0.097353 0.171 -0.008957 
0.18162 0 21260·1 0.19 14 0.1219 7 0.243 9 0.100163 0.19036 -0.006697 
0 1963 1 0 21963 1 0 21391 0.125 76 0.260-19 0.102640 0.20873 -0·004499 
o 211 10 o 2260 o o:229 5 0.129322 0.2110 O.I0-1771 0.22702 •0·002390 
0.2277 1 0 2:!1 075 0.24639 0.132390 0.29377 0.106575 °·24525 -OO.oo.~;ol 
0.24441 0.26362 0.135142 0.31065 0.10 084 0·26346 
____ 0.237330 Continued on next page 
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9 7SC 1 continued 
9. 7SG continued from previous page -
9 7SG 2 continued 9.7SG 3 continued 9.7SG 4 continued 
I / C y c X C yfc xfc yfc xfc yfc 0.261 0 0 2121 17 0.2815-1 0.137635 0.32775 0.109349 0.28167 0.003312 0 279 '6 0.246124 0 29996 0.139903 0.34501 0.110404 0.29991 0.005003 0 29 61 0.250157 0 31 62 0.141930 0.36235 0.111264 0.31815 0.006595 
0 31 01 0 253339 0.33733 0.143688 0.37968 0.111929 0.33639 0.008082 
0.33 06 0 25596 0 35599 0.145154 0.39695 0.112386 0.35466 0.009467 
0 35 75 0 25 053 0 37451 0.146307 0.41412 0.112609 0.37297 0.010759 
03 ' 001 0 259611 0 392 4 0.147120 0.43121 0.112574 0.39129 0.011966 
0 10173 0 260652 0 .41101 0.147560 0.44829 0.112268 0.40959 0.013079 
0..1237 0 2611 3 0.42929 0 147617 0.46543 0 .111696 0.42785 0.014087 
0. t 1599 0 261212 0.44773 0.147315 0.48270 0.110883 0.44609 0.014983 
0..16 ' 1 0 260749 046610 0.146681 0.50007 0.109859 0.46433 0.015764 
0.49013 0 259 01 0.48533 0 145741 0.51751 0.108649 0.48260 0.016434 
0.51162 0 25 373 0.50147 0.144532 0.53496 0.107266 0.50088 0.016999 
0 53250 0.256129 0 52364 0 143116 0.55237 0.105714 0.51918 0.017464 
0 55272 0 253923 0.54238 0 141519 0.56971 0.103986 0.53746 0.017828 
0.57236 0 .250 01 0.56055 0.13963 0.58695 0.102068 0.55571 0.018083 
0.59152 0 217003 0.57 40 0.137375 0.60409 0.099944 0.57393 0.018227 
0 61037 0 2·12160 0 59625 0.13-16 6 0.62113 0.097602 0.59209 0.018246 
0.62917 0 237073 0 61-132 0.1315 9 0.63808 0.095029 0.61021 0.018130 
0.6·1 22 0 230763 0.63259 0.128135 0.65487 0.092230 0.62832 0.017868 
0 667 1 0 223510 0 65095 0.124365 0.67150 0.089152 0.64647 0.017466 
06 11 0.215327 0 66933 0.120303 0.68821 0.085732 0.66467 0.016933 
0.70927 0.206326 0.6 762 0.115962 0.70519 0.082008 0.68294 0.016281 
0.73096 0 196932 0.70579 0.111341 0.72244 0.078064 0.70129 0.015527 
0.75221 0.1 75 7 0.72387 0.106415 0.739 7 0.073968 0.71971 0.014695 
0 77253 0.177913 0.7 11 96 0.101142 0.75742 0.069772 0.73811 0.013799 
0 79256 0.167552 0.76020 0.095510 0.77504 0.065509 0.75643 0.012823 
0.81281 0.156338 0 77 66 0.0 9527 0.79269 0.061195 0.77468 0.011748 
0.83340 0. 144-1 19 0 .79739 0.0 3213 0. 1036 0.056839 0.79288 0.010561 
0. 5-106 0.1321J1 0 . 1641 0.076599 0.82 03 0.052446 0.81105 0.009249 
0.87139 0 11965 0 . 3572 0.069726 0. 4571 0.048021 0. 2928 0.007 01 
0. 9397 0 1072 2 0 . 5530 0.0626-12 0. 6339 0.043567 0. 4766 0.006237 
0 91242 0.095232 0. 7507 0.055405 0. 10 0.039086 0. 6621 0.004608 
0 929 15 0 0 3659 0. 9197 0.0·1 074 0. 9 75 0.034581 0. 4 5 0.002953 
0 914 9 0 0725 4 0 9 11 3 0.0-10731 0.91640 0.030057 0.90349 0.0012 9 
0.95 77 0.061893 0.93134 0.033510 0.9339 0.02552 0.92203 -0.000375 
0.97122 0 05139 0 .9529 0.026622 0.95136 0.02102 0.94029 -0.002023 
0 9 23 0 010 75 0 .97003 0.0203-10 0.96 14 0.016663 0.957 4 -0.003614 
0 99245 0.0300 7 0 .9 I 0 0.01 ·1914 0.9 360 0.012626 0.973 9 -0.005078 
1.00160 0.01 830 0.99693 0.010-174 0.99652 0.009239 0.9 757 -0.006329 
1 00727 0 01095 1 1.0036 0.00 010 1.00353 0.007396 0.99510 -0.00701 
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A1rfo1l nmc: 
Prop<'Jler 
r / R location ; 
Airfo1l Name; 
Propeller 
r/ R location: 
!) 90 1 
RarnoM>r 9 90 varioPROP 
0 2 9 
2. 0 • 'Oil 
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I 
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09.9 I 
Re • O.OSO· Io" 
a • s.oooo· 
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<;, • 0. 07620 
VD • 7. 69 
Ncr. 9. 00 
I 
0.5 
, .. ·· 
-.......... -.... -...... - .. - .... .. .... ---- .. -.. -- ----- ---... --~ ,_,· 
.· 
I 0 
== 
9 90 2 
Ra.rnoscr 9.90 varioPROP 
0 199 
2. Q OOil 
.... 
·0.5 
0.0 
II 
I'· 
·. 
.. ....... 
... 
........ 
......... 
- ......................................... . 
0 5 ... 
I. 0 
12 
__ ........ 
09.9 2 
Re • 0. OSO •IIl' 
a • 5. oooo• 
c, • 0. 9632 
c,. • -0. 1266 
Co • 0. 0<1673 
l/1) • 20.61 
N,,. 9. 00 
Anf01l :-:arne 
Propcll('r: 
r/ R location: 
A1rfoil Name. 
Propeller: 
r/ R location: 
9.90 3 
Ra.moscr 9.90 varioPROP 
0 766 
-2 0 .... 1. 
-1 5 
Cp 
I 0 
0 5 
0.0 
0.5 
I 0 
1 
.. .. 
9 9D 1 
Ra.moser 9 9D varioPROP 
0.923 
, 
I 
-2 0 IUOil 
.... 
I 5 
CP 
1.0 
0.5 
0 . 0 
............... 
0.~ 
I 0 
c: 
129 
09.9 3 
Re • 0.050•10' 
a • s.oooo• 
c. • I. 03'10 
c,. • -0.0979 
c. • 0. 02883 
vu. 35. 87 
...... 9.00 
~ 
---
09.9 4 
Re • 0.050·10' 
a • s.oooo• 
cl • 0.8420 
c •• -0.0501 
Co • 0.02804 
1.10. 30.03 
folor • 9. 00 
:-:----= 
9.90 Airfoil Coordinates 
9.90 1 9.90 2 9.90 3 9.90 4 
X fC: yfc: xfc yfc xfc yfc xfc yfc 
0.99< 00 -0 .010260 1.00023 -0.010615 0.99419 
-0.013031 0.99723 -0.016366 
0 90097 -0 009599 0.99273 -0.010288 0.98663 
-0.012580 0.98966 
-0.017052 
0.97 90 -0.00 706 0.97911 -0.009708 0.97363 
-0.011818 0.97695 -0.017954 
0.96163 -0.0079 10 0.96367 -0.009014 0.95847 
-0.010948 0.96231 -0.018687 
0.9 1 29 -0.007066 0.91624 -0 00 203 0.94125 
-0.009984 0.94577 
-0.019360 
0.93062 -0 005957 0 92799 -0.007251 0.92230 
-0.008953 0.92772 -0.019977 
0.91196 -0.00 15 5 0.90953 -0.006080 0.90215 -0.007894 0.90856 -0.020549 
0. '9255 -0.003032 0. 90 1 -0.004626 0.88130 -0.006846 0.88875 -0.021079 
0. 72 5 -0.001131 0.871 2 -0.003050 0.86017 -0.005849 0.86863 -0.021554 
0. 5335 0 00006 0. 5302 -0.001694 0.83901 -0.004945 0.84838 -0.021953 
0. 311 0 001372 0.83391 -0 000607 0.81789 -0.004173 0.82806 -0.022263 
o. 152 0 002120 0. 1430 0.00035 0.79678 -0.003556 0. 0767 -0.022482 
0.796 10 0 003161 0 79446 0.001319 0.77557 -0.003099 0.78719 -0.022610 
0.77705 0 0036 15 0.77475 0.0022 9 0.75415 -0.002769 0.76658 -0.022657 
0.75705 0001011 0.75535 0.003136 0.73257 -0.002520 0.74581 -0.022649 
0.7366._ 0.00 137 0.73617 0.003764 0.71094 -0.002352 0.72497 -0.022618 
0.71620 0.00 1760 0.71692 0.004159 0.68930 -0.002270 0.70419 -0.022588 
0 69579 0 00510 0 69740 0.0043 3 0.66771 -0.002280 0.6 353 -0.022581 
0 67553 0.0053 6 0.67762 0.004495 0.64615 -0.002392 0.66299 -0.022618 
0 65512 0 005569 0.65769 0.004539 0.62462 -0.002614 0.64256 -0.022718 
0 63515 0 005637 0.637 3 0 004521 0.6030 -0.002950 0.62219 -0.022 99 
0 61556 0 005573 0.61 09 0.0()..1390 0.5 147 -0.003397 0.60177 -0.023167 
0.5956 0 00537 0.59 -11 0.004124 0.55976 -0.003947 0.58124 -0.023505 
0.575 2 0 005057 0.57 6 0.003721 0.53791 -0.004587 0.56057 -0.023892 
0.55599 0.00161 1 0.55 3 0 .003200 0.51594 -0.005299 0.53977 -0.024312 
0.53622 0 00-1036 0.53 6 0.0025 9 0.49384 -0.006071 0.51 7 -0.024742 
051652 0.003320 0.51 1 0 .001906 0.47165 -0.006892 0.49794 -0.025161 
0.496 0 002 11 0.49 73 0.001159 0.44939 -0.007755 0.47706 -0.025542 
0.47721 0 .001409 0.47 67 0 .000351 0.42706 -0.00 656 0 .45622 -0.025865 
0.45741 0 000210 0.45 65 -0.000526 0.4046 -0.009591 0.43534 -0.026125 
0.13742 
-0 00113 1 0.43 6 -0.0014 4 0.3 224 -0.010552 0.41442 -0.02633 
0 .41717 -0 .0025 ' 9 0.41 71 -0.002533 0.35975 -O.Oll531 0.39345 -0.026523 
0.39670 -0 00 11 09 0.39 69 -0.003673 0.33725 -0.012519 0.37253 -0.026703 
0 37614 -0.005669 0.37 5 -0.004 5 0.314 0 -0.013505 0.35170 -0.026 91 
0 35552 -0 .007262 0.35 13 -0.006149 0.2924 -0.014470 0.33100 -0.027100 
0.33 190 
-0 00 0.33 27 -0.007462 0.27035 -0.015395 0.31042 
-0.027341 
0 31429 
-0 010532 0.31 13 -0.00 27 0.24 43 -0.016262 0.2 9 9 -0.02762 
0 29376 -0 0121 7 0.29 02 -0.0102·1 0.22679 -0.017053 0.26931 
-0.027945 
0.27346 
-0 013797 0.2779-l -0.01172 0.20549 -0.017747 0.24 65 
-0.02 267 
0.25353 
-0 .0 15303 0.257 7 -0.013274 0.1 465 -0.01 322 0.22795 
-0.02 571 
0 23396 
-0 016621 0.237 1 -0.014 5 0.16440 -0.01 770 
0.20740 -0.02 30 
0 21145 
-0 0 177 13 0.21799 -0.01639 0.14505 -0.019094 
0.1 714 -0.029015 
0 I!) 16 I 
-0 01 639 0.19 56 -0.017 16 0.1269 -0.01929 
0.16731 -0.029092 
0.14796 -0.029029 0.17452 
-0 .019537 0.17962 -0.019046 0.11057 -0.019392 
0.15113 -0.020023 0.09606 -0.019393 
0.1292 -0.02 30 
-0.020 17 0.16123 
0.13174 -0.0206 0 0.0 34 -0.019322 
0.11167 -0.02 506 
-0 02 1397 0.14314 
0.11601 0.12622 -0.020966 0.07271 -0.019190 
0.09557 -0.02 079 
-0 022217 
0 09 7 -0 .020 99 0.06343 -0.019000 
0.08139 -0.027580 
-0 022 59 0.10962 0.06923 -0.027030 
0.08349 
-0 .023267 0.09397 -0.020547 0.05537 
-0.01 7 1 
Continued on next page 
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• 
9 9D I continued 
J-jc yfc 
0 07032 -0 023122 
0 05915 -0.023370 
0 0 19, 9 -0 023171 
0 0·1221 -0 022 27 
0 03565 -0 022353 
0 02993 -0 021 00 
002-193 -0.021221 
0 02056 -0.02061 
0 016 0 -0.019 0 
0 01357 -0 01 935 
0 010 0 -0.017753 
0 00 13 -0.016321 
000610 -0.011613 
0 00·169 -0.0127 2 
000325 -0.010792 
0 00209 -0 00 713 
0 00 117 -0 0065 70 
0 00052 -0 0013 0 
0 00012 -0.002157 
0 00000 0.000095 
0 0001-1 0.0023 I 
0 00055 
0 00122 
0 00217 
0 00311 
0 00·19 
0 00691 
0 00923 
0 01200 
001527 
0 01906 
0 02311 
0 02 3 
0 03111 
0.04077 
0.0 1 57 
0 05770 
0 06 31 
0 0 055 
0 09 132 
0 10929 
0 12506 
0.14135 
0.15 16 
0.17552 
O.JD3tl6 
0 21) 90 
0 2306 1 
0 249 19 
0.26823 
0 00t707 
0.0070 1 
0.009501 
0.011965 
0 01415 1 
0.016952 
0019 177 
0.022063 
0.021761 
0.0276 13 
0.030712 
0 031025 
0 037-155 
0.0 11 03 1 
0 01 17 7 
0 0 I 723 
0 052 1·1 
0.057169 
0 06 1660 
0 066200 
0 07062 
0 07 1799 
0.07 695 
0.0 2342 
0.08579 1 
0 0 909 
0 09225 
0 095257 
0.09806:3 
9.90 continued from previous page -
9.90 2 continued 9.90 3 continued 9.90 4 continued 
xfc yfc xfc yfc xfc yfc 
0.079 1 -0.019992 0.04839 -0.018550 0.05892 -0.026459 
0.06745 -0.019327 0.04233 -0.018277 0.05030 -0.025895 
0.05706 -0.01 709 0.03701 -0.017935 0.04307 -0.025281 
0.04857 -0.018100 0.03224 -0.017523 0.03687 -0.024578 
004157 -0.017440 0.02784 -0.017087 0.03139 -0.023809 
0.03565 -0.016870 0.02370 -0.016674 0.02648 -0.023017 
0 03053 -0.016510 0.01979 -0.016313 0.02205 -0.022224 
0 02603 -0.016370 0.01613 -0.015987 0.01811 -0.021372 
0 02201 -0.016256 0.01283 -0.015577 0.01467 -0.020354 
0.01 -12 -0.015972 0.00993 -0.014997 0.01170 -0.019115 
0 01517 -0.015424 0.00742 -0.014190 0.00915 -0.017629 
0.01223 -0.014573 0.00531 -0.013114 0.00698 -0.015899 
0.00957 -0.013426 0.00358 -0.011723 0.00516 -0.013961 
0.00721 -0.012056 0.00224 -0.009977 0.00365 -0.011889 
0 00517 -0.010526 0.00125 -0.007908 0.00241 -0.009740 
0.00345 -0.00 72 0.00056 -0.005561 0.00144 -0.007538 
0.00207 -0.007112 0.00015 -0.002977 0.00071 -0.005301 
0.00104 -0.005250 0.00000 -0.000201 0.00024 -0.003041 
0.00037 -0.003283 0.00011 0.002703 0.00002 -0.000779 
0.00005 -0.001200 0.00046 0.005650 0.00006 0.001490 
0.00003 0.001008 0.00104 0.00 604 0.00034 0.003798 
0.00030 0.003351 0.001 5 0.011589 0.00087 0.006161 
0 000 " 0.005 39 0.002 0.014634 0.00163 0.00 626 
0.00164 0.00 474 0.00407 0.017770 0.00263 0.011215 
0.00265 0.011243 0.00538 0.021022 0.00383 0.013945 
0.003 4 0.014108 0.00677 0.024363 0.00520 0.016832 
0 00520 0.01701 0.0082 0.027680 0.00673 0.019849 
0.00677 0.019927 0.00999 0.030 70 0.00 44 0.022950 
0.00 61 0.022793 O.Oll9 0.033 58 0.01037 0.026085 
0.01079 0.0255 1 0.0143 0.0365 8 0.01259 0.029217 
0.013..J5 0.02 27 0.0172 0.039091 0.01516 0.032326 
0.01671 0.030926 0.02069 O.O..J1474 0.01 13 0.035405 
0.0206 0.033615 0.02464 O.O..J3 5 0.02156 0.03 ..J33 
0.025 19 0.036..J65 0.02904 0.0463 0.02552 0.0413 1 
0.03116 0.039577 0.03377 0.049101 0.0300 0.044223 
0.03769 0.042 72 0.03 3 0.051 72 0.03533 0.046965 
0.0 1515 0.046229 0.04426 0.054568 0.04134 0.049625 
0.053 6 0.049652 0.05021 0.057113 0.04 22 0.052223 
0.06107 0.053166 0.05681 0.059470 0.05613 0.0547 7 
0.075 7 0.056724 0.06429 0.061590 0.06521 0.057354 
0.0 936 0.060319 0.07296 0.063574 0.07563 0.059919 
0.10 150 0.06396 0.0 311 0.065660 0.08755 0.0624 2 
0 12099 0.067636 0.09490 0.06 026 0.10108 0.065050 
0.13 ·13 0.071260 0.10 45 0.070777 0.11619 0.067615 
0.156 16 0.07477 0.12363 0.073 21 0.13274 0.070170 
0.174 0 0.078141 0.13999 0.076994 0.15043 0.072694 
0.19326 0.0 1319 0.15701 0.0 0100 0.168 7 0.075155 
0.21170 0.0 4276 0.17433 0.082954 0.1 772 0.077522 
0.22999 0.0 6971 0.19195 0.0 5472 0.2065 0.079760 
0 24 J 0 0.0 9369 0.2099 0.0 7657 0.22515 0.0 17 2 
131 
9.90 continued from previous page-
9.9D I continu<'d 9 90 2 continued 9.90 3 continued 9.90 4 continued 
r/c yfc xfc yfc xfc yfc x/c yfc 
0 2 661 0.100609 0.26598 0.091436 0.22854 0.089562 0.24334 0.083505 
0 30167 0.102 11 0 2 365 0.093132 0.24761 0.091253 0.26125 0.084885 
0 32252 0 101632 0.30124 0 094421 0.26705 0.092755 0.27905 0.085902 
0 310·11 0 106093 0.31 98 0.095323 0.28668 0.094062 0.29696 0.086556 
0 35 ~~ 01072-1 0 33703 0.095 2 0.30637 0.095157 0.31524 0.086892 
0 376 2 0.10 131 0 35547 0.096142 0.32604 0.096015 0.33398 0.086976 
0 39515 0.10 735 0 37437 0.096162 0.34571 0.096618 0.35319 0.086861 
0 11356 0.109060 0.39366 0.096022 0.36543 0.096969 0.37280 0.086593 
0.13203 0.109107 0.41314 0.095753 0.38522 0.097078 0.39269 0.086223 
0 15059 010 3 0.43272 0.095347 0.40509 0.096956 0.41258 0.085782 
0 1692 1 0 10 391 0.45239 0.094817 0.42498 0.096612 0.43228 0.085211 
0 I 0 I 0 10763 0.47209 0.0941 5 0.44490 0.096034 0.45186 0.084466 
I 0 50703 0 1066-15 0.49167 0.093455 0.46488 
0.095214 0.47144 0.083532 
0 5261 0 105439 0.51 105 0.092597 0.48497 0.094162 0.49111 0.082423 
0.5 1516 0 10 10·11 0.53021 0.0915 3 0.50518 0.092902 0.51091 0.081159 
0.56-t 1 0 102165 0.54912 0.0903 0 0.52547 0.091440 0.53080 0.079765 
0 5 -117 0 100721 0.567 5 0.0 948 0.54584 0.089772 0.55075 0.078255 
0 60350 0 09 12 0.5 653 0.0 7250 0.56631 0.087904 0.57072 0.076636 
0 62271 0 0967-10 0 60529 0.0 5293 0.5 690 0.085 51 0.59069 0.074909 
0.6 11 "5 0 094-197 0.62422 0.0 309-l 0.60758 0.0 3630 0.61062 0.073079 
0 660 '2 0.09206 0 64335 0.0 06 1 0.62 29 0.081255 0.63052 0.071145 
0 67966 0 0 9-135 0.66267 0.07 094 0.64900 0.07 725 0.65037 0.069105 
0 69 10 0 0 65 5 0.68208 0.075374 0.66970 0.076036 0.67016 0.066954 
0 71709 0.0 3503 0.70151 0.072526 0.69040 0.0731 7 0.6 9 8 0.064686 
0.73579 0 0 01 2 0.72095 0.069546 0.71111 0.070179 0.70956 0.062290 
0.7545-1 0.076623 0.74041 0.066..t37 0.731 4 0.067012 0.72921 0.059751 
0 77339 0 072 3 0.75991 0.063212 0.75259 0.0636 9 0.74 90 0.057061 
0 79230 0.06 8·1 0.7793 0.059 90 0.7733 0.060214 0.76 70 0.054222 
0. 1121 0.061674 0.79 72 0.056496 0.79421 0.0565 9 0.7 63 0.051246 
o. 3016 0 06032 0. 17 3 0.052999 0. 1509 0.052 25 0. 0871 0.048149 
0. -1903 0.055 22 o. 3676 0.049353 0. 3597 0.04 93 0. 2 93 0.044949 
0. 6779 0.051167 0. 555 0.0-15533 o. 56 2 0.044946 o. 4926 0.041669 
0. 636 0 0-16375 0. 7435 0.0-11532 0. 7753 0.040 70 0. 696 
0.03 333 
0 90-161 0 0 11161 0. 930 0.037355 0. 9796 0.036742 0. 900 
0.034972 
0 92249 0 036163 0.91171 0.03302 0.91792 0.032610 0.91030 
0.031626 
0.93967 0.031-ll 0.93010 0.02 599 0.93707 0.02 542 0.93007 
0.02 352 
0 955 9 0 026111 0.9-1795 0.02416-1 0.95504 0.024634 
0.94 95 0.025221 
0 9707 0 02155 0.96473 0.019 3 0.97140 0.0209 9 
0.96642 0.022327 
0.9 402 0.0169 0.97977 0.015955 0 9 591 0.017687 
0.9 193 0.019746 
0 99539 0.012 07 0.99254 0.012561 0.99 46 0.01476 
0.99517 0.017519 
1 00200 0 010260 0.99977 0.010615 1.005 1 0.013031 
1.00277 0.01622 
t 
' 
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Appendix B 
Tabulated Static Performance Data 
The static performance data (Cr and Cp) is listed below as a function of RPM. The data 
plottrd in Chapters 5 and 6 are tabulated here in Appendix B. The Ramoser Technik + 
D~ign varioPROP are listed in order of increasing dJameter at three pitch settings, following 
by the Great Planes PowerFlow propellers. Last are a number of APC propellers. 
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Ramo c r Tcchnik + D esign 
varioPROP 
6.0D 
Fig 5 1 55 
Run 1907dvu Run· 1912dvu Run: 1898dvu 
P1lch at 0 75R 9 deg Pitch at 0.75R = 20 deg Pitch at 0.75R = 35 deg 
n CT Cp Cr Cp n Or. Cp~ 
3015 00239 0 .017·1 0 0884 0 .1201 2990 0.0911 0.1650 
3227 0 0215 0 0174 0.0889 0.1209 3214 0.0895 0.1625 
3536 0 .0253 0.0171 0.0 94 0.1208 3372 0.0916 0.1664 
3 29 0 0257 0.0167 0.0 93 0. 1200 3 03 0.0918 0.1654 
1019 0 .0260 0 0170 0.0900 0.1212 4078 0.0903 0.1639 
1355 0 .025 0 0161 4351 0.0900 0 .1214 4252 0.0932 0.1659 
1607 0 .0257 0.0160 4581 0.090 0.1219 4604 0.0935 0.1661 
4 77 0 .0261 0.0159 4 0 0.0913 0 .1231 4 35 0.0929 0.1659 
510 0 0269 0 .0162 5139 0.0905 0 1218 5088 0.0933 0.1660 
53 0 0266 0 0159 5397 0.0910 0.1219 5385 0.0952 0.1661 
5657 0.0270 0 0 159 56 9 0.0907 0 1213 5634 0.0983 0.1641 
593 0 .0272 0.015 59-13 0.0919 0.1229 5966 0.0984 0.1663 
62 0 .0277 0 015 6204 0.0937 0.1232 6213 0.1000 0.1693 
64 0 .02 1 0.015 6-167 0.0940 0.1230 6459 0.0986 0.1674 
0 .02, 2 0.0157 6732 0.096 0.1231 6724 0.1025 0.1687 
0 .02 5 0.0156 7021 0.09 2 0.1235 7009 0.1019 0 .1674 
Ramoser Technik + D esign 
varioPROP 
7.0D 
Figs. 5 9-5.10 
Run 1 ·1 dHJ Run: 1 52dvu Run: 1 39dvu 
Pitch at 0 75R = 3 deg Pitch at 0.75R = 16 deg Pitch at 0.75R = 36 deg 
n Cr., Cp, n Cr, Cp. n Cr, Cp, 
4061 0.0290 0 .0162 2975 0.09 0 0 .0860 3025 0.1051 0.1406 
40 5 0.02 0 0160 3277 0.0975 0.0854 3272 0.1041 0 .1410 
4403 0 030 0.0162 3541 0.097 0.0 53 3470 0.106 0.1437 
4650 0 030 0.01 59 3792 0.09 4 0 .0857 3720 0.1064 
0.1431 
4766 0 03 15 0.0160 4106 0 .0965 0.083 3 69 0.1080 
0.1450 
503 0 032 1 O.Ql5 4351 0 .09 7 0 .0 55 4157 0.10 6 0.1454 
5063 0 0322 0.0160 4596 0 .0990 0 .0856 43 9 0.1090 0.1459 
5115 0.0331 0.0161 4 71 0 .0996 0.0860 4624 0.1087 
0.1463 
5623 0.033 1 0.0159 5131 0 .099 0.0861 4 1 0.1088 
0.1467 
5 20 0 03 12 0.0161 5406 0 .0999 0 .0 62 504 
0.1084 0.1459 
5965 0 03 11 0 .0160 5670 0 .0997 0.0861 5269 
0.1085 0.1472 
6202 0.0317 0 .0161 5950 0 .1001 0.0 63 5599 
0.10 0 0.1462 
6400 0.0351 0 0161 6202 0.1004 0.0 65 5 17 
0.1093 0.1474 
6609 0 035tl 0 .0161 6465 0.1004 0.0865 6041 
0.1094 0.1473 
6792 0.0358 0 .0161 6739 0 .1007 0 .0866 6262 
0.1101 0.14 4 
7020 0 0361 0 0161 7011 0 .1009 0.0 6 6510 
0.1096 0.14 3 
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Ramo er Technik + Design 
varioPROP 
7.1G 
Ftg:, 5 11 5 .15 
Run 1 66dvu Run: L 69dvu Run: 1859dvu 
Pttch at 0 75H - 5 deg P itch a t 0 75R = 20 deg Pitch at 0. 75R = 35 deg 
n Cr. Cp n Cr. Cp. n Cr. Cp. 
1195 0.0595 0 0275 3023 0.1400 0.0 57 2989 0.1566 0.2192 
4630 0.0602 0 027 323 0.1395 0.0846 3192 0.1571 0.2200 
1773 0.0605 0 0277 3167 0.1418 0.0844 3390 0.1585 0.2212 
4913 0 0616 0 02 0 3698 0.1417 0.0842 3624 0.1592 0.2212 
5051 0 0624 002 2 3924 0.1432 0.0837 3797 0.1597 0.2222 
5169 0 0627 0 02 2 41 45 0.1435 0.0832 4015 0.1598 0.2226 
5332 0.0620 0 027 439 0.1442 0.0 31 4206 0.1599 0.2222 
5·141 0 062 0 02 0 4619 0.1439 0.0 29 4405 0.1592 0.2219 
5572 0.0636 0 02 2 4 75 0.1435 0.0 27 4604 0.1591 0.2230 
570-1 0 0641 0 02 3 5123 0.1452 0.0832 4809 0.1600 0.2232 
5 21 0.06 13 0 02 3 5335 0.1436 0.0 26 4998 0.1601 0.2234 
5971 0 064 0 02 3 55 4 0.1454 0.0 29 5206 0.1600 0.2232 
6111 0 0651 0.02 4 5 3 0.1438 0.0819 5410 0.1603 0.2241 
623-1 0 0656 0 02 5 6045 0.1452 0.0827 5604 0.1602 0.2245 
6349 0 0659 0.02 6 6279 0.1450 0.0 26 5825 0.1610 0.2247 
6501 0.0664 0 02 6 6503 0.1153 0.0827 6030 0.1607 0.2255 
Ramose r T cchnik + Design 
varioPROP 
7.9D 
Figs 5 19 5.20 
Run I 2dvu Run : 1 9dvu Run: 1 77dvu 
P ttch at 0 75R = deg Pitch at 0. 75H = 19 deg Pitch at 0.75R = 40 deg 
n Cr" Cp n Cr. Cp. n Cr. Cp. 
3013 0 0 135 0 024 I 3011 0.0950 0.0720 2025 0.1062 0.2033 
3261 0 0 112 0 023 3227 0.0946 0.0714 22 9 0.1063 0.2021 
3555 0.0 113 0.0233 3167 0.0946 0.0709 2549 0.1076 0.2049 
3 11 0 0 117 0 023 1 36 7 0.0939 0.0703 2 17 0.1065 0.204 
40·19 0.0 15 0 0233 3936 0.0951 0.0701 3050 0.1072 0.2060 
43 19 0 0 170 0.0235 ·II 2 0.0954 0.0702 3340 0.1057 0.2056 
15 0 0 176 0.023 1 4109 0.0955 0.0702 361 0.1059 0.2072 
4 64 0 0 1 I 0 023·1 4639 0.094 0.0696 3 73 0.1072 0.2061 
5110 0.0 190 0.023 1 4 76 0.0950 0.0696 4150 0.1085 
0.206 
510 0 0 196 0 023·1 5100 0.0951 0.0697 4415 0.1092 
0.2057 
566 0 0500 0.0234 5351 0.0957 0.0694 4673 0.1086 
0.2057 
592 0 0505 0.0233 5579 0.0960 0.0696 4932 0.1083 
0.2065 
6202 0 0513 0 0233 5 07 0.0963 0.0695 5251 0.1092 
0.206 
6475 0.052 1 0 0232 60·13 0.0971 0.069·1 5462 0.1097 
0.2068 
67 10 0 0526 0.0232 626·1 0.0974 0.0693 5739 
0.109 0.2066 
7022 0 0537 0 0233 6521 0.09 I 0.0692 5997 
0.1090 0.2054 
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Ramo cr Tcchnik + Design 
varioPROP 
.OD 
Figs 5 2·1 5 25 
Run 193Jdvu Run 1910dvu Run: 1924dvu 
Pttch at 0 75R 3 deg Pitch a.t 0.75R = 15 deg Pitch a.t 0.75R = 31 deg 
n c1' .. n Cro Gpo n Or. Cp. 
351 1 0 0069 0 09 8 0.0535 2021 0.1401 0.1411 
3735 0 0069 0.0167 0 .0993 0.0537 2277 0.1406 0.1420 
3 57 0 006 0 .0 164 0 .1006 0.0536 2570 0.1430 0.1434 
H91 0 007 1 0 .0 166 0 1017 0.0537 2847 0.1435 0.1441 
1139 0 0073 0 .0 166 0 .1028 0.0537 3169 0.1449 0.1452 
1672 0 0079 0 0166 4246 0 .1019 0.0529 3440 0.1452 0.1459 
4903 0 007 0.0165 453 0 .1052 0.0537 3647 0.1457 0.1465 
5065 0 0076 0 0165 4 19 0.1069 0.0539 4009 0.1471 0.1469 
5367 0 007 0 0 166 5151 0 .1059 0.0527 4209 0.1494 0.1484 
5579 0 00 5 0 0 165 5328 0 .1095 0.0539 4578 0.1509 0.1485 
5 55 0 00 3 0 0163 5607 0 .1110 0.0540 4872 0.1523 0.1490 
6067 0 00 3 0.0163 5 67 0 .1122 0.0538 5144 0.1552 0 .1498 
631 0 0090 0.0162 6118 0 1130 0.0539 5447 0.1569 0.1506 
6535 0 00 5 0 .0 163 639 0 .113 0.0539 5742 0.1565 0.1505 
6774 0 00 6 0 0164 6631 0 .1151 0.0540 6007 0.1575 0.1516 
7000 0 00 9 0.0164 6 91 0 .1166 0.0542 6311 0.1583 0.1519 
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Ramo cr T chnik + De ign 
varioPROP 
.00 
F1gs 5 2 1 5 .25 
Run 1953dvu Run . 1959dvu Run: 1960dvu 
P1tch at 0 75R I deg Pitch at 0 .75R = 16 deg Pitch at 0.75R = 16 deg 
n Cr. Cp. n Cr. Cp. n Cr. Cp. 
3500 0 0223 0 0127 3495 0 .0863 0.0490 2990 0.0825 0.0504 
37 2 0 0212 0 0122 3757 0 .0 3 0.0471 3195 0.0818 0 .0488 
3955 0.0225 0 0125 3910 0 .0879 0.0484 3521 0.0835 0.0486 
1212 0 0230 0 .0 127 1079 0 0 79 0.0479 3645 0.0858 0.0494 
t499 0 0226 0 0122 4307 0 .0 80 0.0475 3846 0.0851 0 .0485 
.t710 0 0235 0 0126 4487 0 .0882 0.0475 4166 0.0865 0.0483 
.1!)32 0 02 tO 0 0126 1696 0 .0 6 0.0474 4394 0.0860 0.0477 
5111 0 02 16 0 0127 4 41 0 .0887 0.0472 4638 0.0863 0.0475 
5361 0 0250 0 012 5110 0 .0892 0.0469 4870 0.0864 0.0474 
55 7 0 0256 0 0 129 5219 0 .0 95 0.0471 5086 0.0868 0 .0472 
5 36 0 025 0 012 552 0.0 95 0.0463 5316 0.0873 0.0469 
606 0 0262 0 012 5690 0 .0902 0.0467 5503 0.0878 0 .0468 
6302 0 0265 0 0129 5 92 0 .0911 0.0466 5723 0.0879 0.0465 
6535 0 0269 0 0129 6105 0 .0909 0.0463 6036 0.08 5 0.0464 
67 ~ 0 0272 0 0129 6297 0 .0915 0.0462 6272 0.0895 0.0464 
7001 0 0271 0 0129 6501 0 .0916 0 .0..162 6489 0.0913 0.0463 
Run: 20 5dvu Run : 2086dvu 
Pitch at 0.75R = 3 deg Pitch at 0. 75R = 3 deg 
n Cr Cp" n Cr. Cp. 
3005 0 1000 0.1247 2990 0.1000 0.1246 
319 0 1010 0 1257 319 0.1009 0.1254 
3115 0 09 9 0 1247 3330 0.099 0.1245 
3672 0 099 1 0 1240 3619 0.0992 0.1252 
3 I 0 0999 0 1251 3 11 0.1002 0.1249 
4092 0 1002 0 .1251 3919 0.0997 0.1245 
4333 0 1005 0 125 4201 0.1000 0.1252 
4550 0 1002 0 1257 4395 0.100-l 0.125 
47 0 0 1001 0 1257 4516 0.1001 0.125 
49 0 0 100 I 0 .1262 479 0.1003 0.1260 
520-1 0.0995 0 .124 4919 0.1005 0.1262 
5399 0 0957 0 1203 5126 0 1011 0.1262 
5G42 0 1011 0.12G5 5271 0.0991 0.1236 
5 51 0.10 1G 0.1269 54 19 0.09 0.1232 
GO 8 0 10 15 0 .12G 57 1 0.0965 0.1203 
GO 9 01016 0.1269 5 97 0 .09 0.1235 
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Ramo cr Technik + Design 
vnrioPROP 
.9D 
F1g:. 5 31 5.35 
Run. 1967dvu Run· 1973dvu Run: 2089dvu 
Pitch at 0.75R = 5 deg Pitch at 0.75R = 21 deg Pitch at 0.75R = 39 deg 
n Or .. CP. n Cr. Cp. n Or. Cp. 
3025 0.0297 0.0166 2033 0.0935 0.0735 2013 0.1046 0.1820 
3279 0 .0303 0.0165 231 0.0948 0.0730 2207 0.1065 0.1833 
3566 0.0312 0.0163 261 0 0964 0.0728 2426 0.1091 0.1849 
3 27 0.0311 0.0160 2 92 0.0955 0.0725 2608 0.1109 0.1860 
40 9 0 031 0.0159 3202 0.0976 0.0725 2799 0.1125 0.1869 
1310 0.0325 0.0163 3501 0.0995 0.0722 3008 0.1128 0.1866 
1624 0 .0330 0.0163 379 0.0994 0.0720 3205 0.1124 0.1855 
1 93 0.03:31 0 0163 4107 0.1009 0.0723 3402 0.1124 0.1848 
5177 0 0331 0.0 161 4106 0.1007 0.0722 3607 0.1125 0.1846 
5·10 0.031 1 0.0163 472 0.1011 0.0720 37 9 0.1128 0.1851 
567 0.03 13 0.0163 5012 0.1022 0.0720 4002 0.1139 0.1864 
591 0.03 1 0 0 163 5307 0.1030 0.0720 4192 0.1145 0.1859 
6205 0 0355 0.0163 5615 0.1034 0.0719 4390 0.1147 0.1 63 
6475 0 0361 0 016·1 5895 0.1042 0.0720 4618 0.1155 0.1874 
673 0 0369 0.0 161 6213 0.1040 0.071 4 13 0.1141 0.1853 
7020 0 0376 0.0161 6491 0.1043 0.0719 5009 0.1151 0.1 68 
Ramoscr Technik + Design 
varioPROP 
9.7SG 
Figs 5 39 5 10 
Run 1991dvu Run: 1999dvu Run : 2010dvu 
P1tch at 0 75R 2 dcg Pitch at 0.75R = 14 deg Pitch at 0. 75R = 36 deg 
n CT Cp n Cr. Cp. n cT. CP. 
1937 0 0167 0.0212 2002 0.0 20 0.0504 1993 0.1356 0.2039 
2327 0,0175 0.0215 22 2 0.0856 0.0509 2117 0.136 0.2037 
25 5 0 01 7 0.0215 2547 0.0 75 0.0507 2266 0.1357 0.202 
2902 0 0203 0.0217 2 57 0.0 2 0.0499 2399 0.1369 0.2043 
31 7 0 0222 0.0220 3166 0.0910 0.0502 2524 0.13 7 0.205 
3505 0 023 0.0223 3432 0.0935 0.0500 2670 0.1394 0.205 
3 12 0 0252 0.0225 3727 0.0945 0.0497 2 22 0.1403 
0.2064 
41 30 0 0269 0 0225 4010 0.09 2 0.0496 2909 0.1402 
0.2063 
439 1 0 0271 0.0227 4275 0.0996 0.0·197 3061 0.1411 
0.2066 
4702 0.02 4 0.0227 4510 0.1000 0.0·199 3206 0.1410 
0.2058 
cl975 0 0292 0.0229 47 0.09 7 0.0500 3337 
0.1424 0.2070 
5306 0 0297 0.022 5161 0.0997 0.0499 3465 
0.142 0.2072 
5608 0 0307 0.022 5439 0.1017 O.O.J9 3609 
0.1427 0.2069 
5832 0 03 11 0.0229 5732 0.10·13 0.0·199 3730 
0.1442 0.2 1 
6201 0.0328 0.022 6012 0.1064 0.049 3 65 
0.143 0.2076 
6192 0 0333 0.022 6307 0.1051 0.049 4000 
0.1452 0.2095 
13 
Ramoser Tcchnik + D esign 
vnrioPROP 
9.9D 
Figs. 5 .·11 5..15 
Run: 19 dvu Run: 19 Odvu Run: 2022dvu 
P1tch at 0 75H deg P1tch at 0.75R = 20 deg Pitch at 0.75R = 39 deg 
n Cr., Cp n Cr. Cp. n Cr. Cp. 
20 11 0 .0 156 00111 19 0 0.0890 0.0691 1986 0.1215 0.1836 
2371 0 0150 0 0117 2275 0.0904 0.0696 2146 0.1208 0.1829 
2674 0.0 166 00116 2551 0.0922 0.0695 2259 0.1197 0.1814 
2990 0.0175 0.0116 204 0.0922 0.0691 2397 0.1213 0.1838 
332 1 0 0200 0.0120 3065 0.0944 0.0692 253 0.1217 0.1 40 
3669 0 0200 0 0117 3339 0.0948 0.0684 2680 0.1205 0.1825 
39 0 0209 0 0116 3594 0.0960 0.0689 27 5 0.1217 0.1841 
1340 0 0215 0 0116 3 53 0.0970 0.0688 2939 0.1215 0.1 37 
1667 0 0215 0 0117 4144 0.0978 0.0685 3064 0.1225 0.1852 
5027 0 0217 0 0116 4396 0.09 2 0.0685 31 7 0.1224 0.1 42 
5331 0 0219 0 0116 4675 0.09 0 0.0684 3340 0.1219 0.1837 
5655 0 0223 0 0116 4953 0.09 7 0.0685 3463 0.1221 0.1842 
6004 0 0227 0.0116 5196 0.1000 0.0686 3606 0.1220 0.1835 
631 0 0233 0.0116 5475 0.0999 0.0682 3721 0.1241 0. 1860 
6661 0 023 0.0116 573 0.1003 0.06 3 3871 0.1234 0.184 
69 0 0 0245 0.0117 600 0.0994 0.06 3 3996 0.1236 0.1 52 
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Great Plane Great Planes APC 
Power Flow Power Flow Slo-Flyer 
10 x 3.5 10x 3.5 10x 3.7 
With tiplcts Tiplets Removed 
Ftg:, 6 7 6 ' Figs. 6.7-6.8 Figs. 6.7-6.8 
Run: 2050dvu Run: 2016dvu Run: 2042dvu 
Cr Cp n Cr. Cp n Cro Gpo 
301 0 10 6 0.0153 3021 0.1062 0.0453 3026 0.0878 0.0346 
3230 0 1 I 12 0.0 161 3252 0.1079 0.0457 3235 0.0900 0.0352 
3156 0 1123 0.0471 3460 0.1095 0.0469 3496 0.0910 0.0360 
3696 0.1160 0.0 173 3674 0.1127 0.0471 3699 0.0936 0.0357 
3929 0 1179 0 .0175 3926 0.1155 0.0474 3928 0.0946 0.0359 
-1165 0.119 1 0.0479 4172 0.11 74 0.0480 4165 0.0955 0.0363 
4397 0 120 0.01 4 4391 0.1187 0.0485 4404 0.0976 0.0371 
4632 0 1216 0 01 9 4635 0. 1191 0.04 7 4649 0.0988 0.0375 
I 72 0 1219 0 0 191 48 6 0.1200 0.0492 4 80 0.0996 0.0380 
5101 0 1229 0.0194 5099 0. 1207 0.0494 5110 0.1017 0.03 9 
5331 0 1236 0 019 5336 0.1212 0.0497 5353 0.1026 0.0396 
559-1 0.1231 0.0495 5592 0.1215 0.0497 5563 0.1050 0.0402 
5793 0.1261 0 0505 5 54 0.1214 0.0496 500 0.1066 0.0409 
6043 0 1271 0.0506 6028 0.1255 0.0509 6025 0.1079 0.0415 
6279 0 12 7 0.0511 6242 0.1266 0.0512 6257 0.10 0.0419 
6516 0 1293 0 .0514 6518 0.1271 0.0516 6524 0.1100 0.0424 
Great Planes Great Planes APC 
Power Flow Power Flow Slo-Flyer 
10x 4.5 10x 4 .5 10x 4.7 
With tiplets Tiplets Removed 
Figs 6 17 6 1 Figs. 6.17-6.1 Figs. 6.17-6.1 
Run 2033dvu Run: 203 dvu Run: 2055dvu 
n Cro Gpo n Cro Gpo n Oro G po 
29 0 1289 0.0555 2992 0.1225 0.0549 2996 0.1077 
0.042 
31 0 1319 0 0565 3205 0.1252 0.0555 3204 0.1091 
0.0436 
310-1 0 1339 0.057 3417 0.1270 0.0566 3393 
0.109 0.0440 
36 1 0 1355 0.0574 3605 0.1307 0.056 3617 
0.1117 0.0445 
3794 0 1362 0.0572 3 01 0.1312 0.0560 3 1 
0.1137 0.0447 
400 0 13 5 0.057 400 0.1326 0.0563 
4017 0.1153 0.0453 
4205 0 1385 0.057 4205 0.133 0.0566 
4210 0.1159 0.0458 
4399 0 1403 0.05 3 4406 0.1319 0.0570 
4401 0.1176 0.0467 
4614 0 1 11 2 0.05 7 4604 0.1355 0.0572 
4603 0.11 2 0.0471 
4819 0 1117 0.0590 4 21 0.1361 0.0575 
406 0.1194 0.047 
5011 0 1124 0.0594 5005 0.136 0.0577 
5000 0.1212 0.04 7 
5 19 0 }1130 0.0597 5207 0.1376 0.05 0 5224 
0.1227 0.04 
5413 0 1434 0.0601 5425 0.137 0.05 3 
539 0.1235 0.0493 
5601 0.1444 0.0604 5606 0.13 3 0.05 4 
5627 0.123 0.049 
5803 0.11153 0.0609 5 0·1 0.1400 0.0590 
5 12 0.1256 0.0503 
6009 0.1·163 0.0612 6017 0.1404 0.0593 
6007 0.1267 0.0506 
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Great Planes Great Planes APC 
Power Flow P ower Flow Slo-Fiyer 
11 4.5 llx 4 .5 ll x 4.7 
With tiple ts Tiplets R em oved 
Fig 6 27 6 2 Figs. 6.27- 6.28 Figs. 6.7-Q.8 
Run: 2005dvu Run: 2069dvu Run: 2061dvu 
n Or Cp n Cr. Cp. n Cr. Cp. 
2023 0 1060 0 0 152 2006 0.1012 0.0433 2022 0.0978 0.0394 
2266 0 1066 0 0'150 2247 0.1029 0.0440 2208 0.1000 0.0399 
2171 0101 0.0160 2470 0.1055 0.0448 2456 0.1012 0.0403 
2696 0 109 0 0160 2687 0.1065 0.0449 2685 0.1030 0.0406 
29~6 0 .111J 0 0-161 2963 0.10 4 0.0453 2919 0.1036 0.0409 
3173 01133 0 0-163 3173 0.1104 0.0459 3185 0.1054 0.0416 
3115 0 1151 0 0466 3406 0.1120 0.0467 3421 0.1085 0.0427 
3622 0 .1163 0 0-165 3637 0.1137 0.0466 3643 0.1095 0.0427 
3 15 0 .1153 0 0 159 3 71 0.1155 0.0471 3872 0.1109 0.0432 
1032 0 11 0 0 0-170 4125 0.1167 0.0475 4109 0.1126 0.0439 
-1295 01190 0 0474 4332 0.1175 0.0476 4338 0.1134 0.0444 
1166 0 .1197 0 0476 4604 0.1165 0.0473 45 7 0.1142 0.0448 
.J 37 0 1176 0 0471 4 27 0.1196 0.0..184 4789 0.1156 0.0454 
19 2 0 1199 0 0479 5043 0.1202 0.04 7 5046 0.1162 0.0459 
527 0 1217 0 04 9 526 0.120 0.04 9 5282 0.1171 0.0464 
5-19 0 1235 0 0497 550-1 0.1217 0.0493 5502 0.11 1 0.0470 
APC APC APC 
Thin Electric Sport Thin Ele tric 
7 x 5 13 x 6 15 x lOE 
F1gs. N/ A Figs. N/ A Figs. J / A 
Run 2079dvu Run: 2073dvu Run: 20 2dYu 
n Cr. Cr. n Cp. n Cr. Cp. 
297 1 0 105 0.057·1 2030 0.0317 14 0 .0 92 0.0393 
3232 0 1061 0.0573 2214 0.0315 1623 0 .0901 0.03 9 
3463 0 1071 0 0577 2410 0.0322 1735 0.0911 0.0383 
368 0. 1076 0 .0565 2616 0.031 1759 0.090 
0.03 4 
3959 0 1092 0 0566 2 17 0.0315 1 7 0.0913 
0.03 2 
41 0 0 1096 0 0561 3045 0.0306 2064 0.0893 
0.0368 
1117 0 1100 0 .0563 3214 0.0309 212.J 
0.0921 0.03 1 
1621 0 1107 0 0563 3417 0.030 
2313 0.0916 0.0385 
4865 0 1112 0 .0560 360 0.0307 2-106 
0.0921 0.03 
5097 0 1115 0 .0563 3725 0.0306 
244 0.0912 0.03 
5337 0 1111 0 055 4022 0.0301 
2640 0.0921 0.0390 
558 0 .1113 0 .0560 4192 0.0304 
2750 0.0931 0.03 7 
5 14 0 1117 0 .0563 ·1396 0.0305 
2 64 0.0932 0 .03 
6044 0 11 2·1 0.0563 4572 0.0304 
2972 0.09-14 0.0383 
30 7 0.0947 0.03 1 
6272 0 . 1121J 0.0567 4 07 0.0304 0.0961 0.03 2 
6507 0 112 1 0.0564 5000 0.0304 
31H 
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Appendix C 
Tabulated Performance Data 
Appendix C contains the performance data for all propellers test that was plotted in Chap-
ter · 5 and 6 111 tables. The Ramoser Technik + Design varioPROP are listed in order of 
incre~mg diameter and pitch, following by the Great Planes PowerFlow propellers. Finally 
the performance data for a number of APC propellers is listed. The data is Gr. Cp, 'f/ over 
the range of advance ratios. 
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Ramo ·er Technik + Design 
vnrioPROP 
6.00 
Fig!> 5 I 53 
Run 190 dvu Run: 1913dvu 
P1trh at 0 75R 9 dt>g Pitch at 0.75R = 20 deg 
,\w'rngc RP\1 10 11 Average RPM: 5019 
J CT Cp Tf J CT Cp '1 
0 2-15 0 007 0 0141 0 135 0.191 0.0837 0.1209 0.132 
0 309 -0 0014 0.012 -0.033 0.238 0.0814 0.1191 0.163 
0.356 -0 00 1 0 01 15 -0 250 0.288 0.0779 0.1171 0.192 
0 124 -0 0194 0.0099 -0. 26 0.335 0.0747 0.1144 0.219 
0 1 2 -0 029 0.00 1 -1.7 0 0.380 0.0713 0.1114 0.243 
0 5 16 -0 0116 0 0062 -3 669 0.441 0.0658 0.1078 0.269 
0 603 -0 0531 0 0041 -7.926 0.482 0.0621 0.1062 0.282 
0 660 -0 065 0 0020 -21 450 0.535 0.0565 0.1042 0.290 
0.661 -0 065 0 0021 -20.968 0.579 0.0512 0.1027 0.288 
Run. 1909dvu 
0.627 0.0451 0.1020 0.277 
0.6 0 0.0369 0.1011 0.248 
P1tch at 0 75R - 9 dcg 0.730 0.0279 0.1001 0.203 
Average RPM 5019 0.776 0.0175 0.0981 0.138 
J CT Cp T} 0. 19 0.0068 0.0952 0.059 
0 192 0.0127 0 014 0.164 0. 66 -0.0058 0.0903 -0.056 
0.211 0.0070 0.0140 0.121 0.906 -0.0171 0.0860 -0.1 0 
0 2 6 0 0009 0 0131 0.020 0.96 -0.0356 0.0777 -0.443 
0329 -0.0056 0.0121 -0.154 
03 3 -0.01·tl 0.0110 -0. 1 9 Run: 1914dvu 
0 437 -0 0232 0 0093 - 1.090 Pitch at 0.75R = 20 deg 
0.192 -0 033 1 0.007 -2.101 Average RP~1: 59 4 
0532 
-0 0111 0 006 1 -3 424 J CT Cp 7] 
0.5 ·1 -0 05 14 0.0017 -6. 132 0.159 0.0914 0.1220 0.119 
0 627 
-0 0615 0.0031 -12.456 0.197 0.0 95 0.1207 0.146 
0 626 -0 061 0.0031 -12.669 0.240 0.0 75 0.1193 0.176 
0.279 0.0 55 0.117 0.202 
Run : 1910dvu 0.324 0.0 2 0.1161 0.231 
P1tch at 0 75R 9 deg 0.367 0.0793 0.1122 0.259 
Average RPM · 60.16 0.409 0.075 0.1095 0.2 3 
J CT Cp 1} 0.447 0.0722 0.1074 0.300 
0 162 0 0 161 0.01 <17 0.177 0.4 7 0.06 3 0.1057 0.315 
0. 197 0.0125 0.0144 0.171 0.525 0.0644 0.104 0.323 
0 23 0 00 0 0.013 0.137 0.565 0.0595 0.1030 0.326 
0.2 3 0 0019 0.0130 0.0·11 0.610 0.0536 0.1017 0.322 
0.323 
-0 0037 0.0122 -0.09 0.651 0.04 0 0.1012 0.309 
0.362 
-0.0 101 0.0111 -0.329 0.691 0.0416 0.1005 0.2 6 
0402 0.0166 0.0100 -0.669 0.731 0.0342 0.0999 0.250 
0 101 
-0 0165 0.0100 -0.66·1 0.766 0.0265 0.09 7 0.205 
0. 04 0.0172 0.096 0.143 
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Hun: 191 5dvu Run: 1917dvu 
Pitch at 0 75R 20 deg Pitch at 0.75R = 20 deg 
Awrage RP~I 6013 Average RPM: 7023 
J lT Cp T/ J Cr Cp T/ 
0 67 0 0-136 0.1020 0 290 0.579 0.0615 0.1030 0.346 
0 719 0 0371 0 1015 0.262 0.614 0.0573 0.1026 0.343 
0 761 0 0266 0 0990 0 204 0.648 0.0518 0.1016 0.331 
0 0 0 0166 0.0978 0.137 0.686 0.0460 0.1012 0.312 
0 -16 0.0061 0.0951 0.054 0.726 0.0377 0.1005 0.273 
0 2 -0 0058 0 0916 -0 056 0.760 0.0298 0.0997 0.227 
0 9I1 -0 0113 0.0 93 -0.146 0.794 0.0214 0.0985 0.172 
0 970 -00329 0.0816 -0.391 0.828 0.0119 0.0968 0.102 
0.99 -0 ().107 0.0777 -0.524 0.862 0.0035 0.0944 0.032 
I 012 -0 0519 0.0718 -0.797 0.896 -0.0076 0.0914 -0.074 
1 072 -0 0636 0.067 -1 005 0.928 -0.0172 0.08 2 -0.181 
1 122 -0 0775 0.0610 -1 424 0.961 -0.0266 0.0847 -0.302 
I 162 -0 0907 0.0554 -1 900 0.993 -0.0365 0.0811 -0.447 
I 197 -0 1025 0 050 -2.415 1.036 -0.0511 0.0748 -0.708 
1.069 -0.0611 0.0700 -0.934 
Run 1916dvu 1.099 -0.0702 0.0655 -1.177 
Pttch at 0 75R 20 deg 1.134 -0.0 12 0.0604 -1.524 
Average RPl\.1 7016 1.163 -0.0 95 0.0562 -1. 54 
J Cr Cp T/ 1.207 -0.1045 0.0498 -2.531 
0 136 0 0975 0.1236 0.107 1.240 -0.1153 0.0452 -3 .166 
0 170 0 0962 0.1229 0 133 1.272 -0.1257 0.040 -3.916 
0 206 0 0946 0.121 0.160 1.304 -0.1370 0.0362 -4.940 
0 239 0 0926 0.1206 0.184 1.335 -0.1475 0.0316 -6.238 
0 273 0 0903 0.1191 0.207 1.335 -0.147 0.0315 -6.266 
0 313 0 0 76 0.1172 0.234 
0 317 0 0 54 0.1149 0.25 Run: 1901dvu 
0 3 1 0.0 24 O.l122 0.2 0 Pitch at 0. 75R = 35 deg 
0 416 0.0791 0.1100 0.300 Average RPM: 5000 
0 150 0 0760 0.1081 0.316 J Cr Cp "1 
0 4 3 0.0726 0.1064 0.329 O.I92 0.1051 0.17 9 0.113 
0 51 0 0690 0.1051 0.340 0.240 0.1024 0.1769 0.139 
0 5-!6 0 0653 0 1042 0.342 0.2 5 0.100 0.1775 
0.162 
0 5 1 0 0613 0.1031 0.345 0.344 0.0961 0.1749 
0.1 9 
0 61 0.0564 0.1024 0.340 0.3 9 0.0925 0.1727 
0.20 
0 652 0 0515 0.1019 0.330 0.434 0.0 70 0.167 
0.225 
0.0 35 0.1672 0.241 0 6 6 0 0-162 0.1014 0.312 0.4 4 
0.536 0.07 3 0.1640 0.256 
0.5 5 0.0732 0.1613 0.266 
0.624 0.06 3 0.15 3 0.269 
0.667 0.0592 0.1490 0.265 
0.72 0.0539 0.1507 0.261 
0.776 0.0463 0.147 0.243 
0. 13 0.039..J 0.1462 0.219 
0. 50 0.0295 0.1409 0.17 
0.902 0.0216 0.1409 0.13 
0.95 0.0100 0.1377 0.070 
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Run: 1902dvu Run: 1904dvu 
Pitch at 0 75R 35 dcg Pitch at 0.75R = 35 deg 
A vcrage R P M 5028 Average RPM: 5999 
J Cr Cp T/ J Cr Cp T/ 
0. 09 0 0302 0 1442 0.169 0.674 0.0561 0.1517 0.249 
o. 67 0 020 0 113 0.125 0.723 0.0494 0.1496 0.239 
0.915 0 012 1 0 1420 0.0 0 0.765 0.0436 0.1486 0.224 
0.955 0 0030 0 1395 0.020 0.804 0.0371 0.1466 0.204 
I 020 -0 00 9 0 1395 -0.065 0.844 0.0297 0.1451 0.173 
I 05 -0.0 199 0. 135 -0.155 0.886 0.0208 0.1421 0.130 
1.106 -0 0315 0 1342 -0.260 0.921 0.0124 0.1423 0.080 
1.155 -0.0 19 0 1269 -0.454 0.956 0.0040 0.1403 0.027 
1.196 -0 062 1 0 1224 -0.610 1.007 -0.0057 0.1401 -0.041 
1 215 -0 0 01 0 1127 -0. 4 1.050 -0.0162 0.1368 -0.124 
1.299 -0.0941 0 1091 -1.119 1.085 -0.0237 0.1368 -0.188 
I 353 -0 1167 0 1002 -1.575 1.125 -0.0358 0.1344 -0.300 
1 397 -0 1326 0.0904 -2.04 1.158 -0.0471 0.12 3 -0.425 
I 419 -0.1 117 0 0 31 -2.408 1.199 -0.0584 0.1269 -0.552 
Run 1903dvu 
1.249 -0.0749 0.1213 -0.771 
1.293 -0.0908 0.1143 -1.027 
P itch at 0 75 R = 35 deg 1.327 -0.1032 0.1093 -1.253 
Average RP~I 59 9 1.372 -0.1201 0.0999 -1.650 
J Cr Cp T/ 1.406 -0.1331 0.0937 -1.997 
0.15 0.1020 0. 1771 0.091 
0 19 0 1025 0 1 02 0.112 Run: 1905dvu 
0 210 0. 100 0.179 0.135 Pitch at 0. 75R = 35 deg 
0 2 0 0 09 5 0.17 5 0.155 Average RPM: 7012 
0 325 0.0911 0 1751 0.175 J Cr Cp 1} 
0.367 0 0919 0.1747 0.193 0.137 0.1065 0.17 0 0.0 2 
0. 105 0 0 7 0 1712 0.20 0.169 0.1069 0.1 02 0.100 
0 116 0 0 19 0.1706 0.222 0.204 0.1059 0.1 01 0.120 
0 1 9 0.0 07 0.16 2 0.235 0.239 0.1044 0.1794 0.139 
0 529 0 0765 0 1657 0.244 0.276 0.1020 0.17 I 0.15 
0.56 00726 0. 1633 0.253 0.313 0.0993 0.1766 0.176 
0.601 0 06 9 0. 1605 0.259 0.345 0.0967 0.174 0.191 
0.650 0.0627 0.1570 0.260 0.3 5 0.0937 0.1730 0.209 
0.679 0056 0.1513 0.255 0.419 0.090 0.1712 
0.222 
0.723 0 05 11 0.1499 0.246 0.453 0.0 77 0.1695 
0.234 
0 76 1 0 0-15 1 0.14 0.233 0.4 6 0.0 34 0.165 
0.244 
0. 02 0 03 0 1469 0.21 2 0.522 0.0 03 
0.165 0.253 
0.557 0.0765 0.1637 0.260 
0.5 3 0.0728 0.160 0.264 
0.609 0.0661 0.1534 0.262 
0.652 0.0640 0.1556 0.26 
0.6 7 0.05 3 0.1529 0.262 
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Run 1006dvu 
Pttch at 0 75R 35 deg 
Avcrngt' HP~1 : 7007 
J c1' Cp 11 
0.5 3 0 06 0 0 1606 0.247 
0 61 0.0639 0 15 4 0 249 
0.652 0 0592 0.1555 0.248 
0 6 .t 0 05·11 0.1518 0 244 
0 72-1 0 0 I !) 0 1516 0 233 
0 761 0 0125 0 1494 0.217 
0 792 0 .0355 0.1463 0 192 
0. 31 0.02'6 0 1159 0.163 
0. 62 0.0226 0.1435 0.136 
0 99 0.0165 0.1435 0.103 
0 935 0 009 0.1427 0.064 
0 967 0 0032 0 1119 0.022 
1.002 -0 0019 0.1413 -0 035 
1.036 -0 013 01400 -0.102 
1 069 -0.021 0 13 4 -0.169 
1.10·1 -0.0317 0.136 -0.256 
1.137 -0 039 0.1316 -0.337 
l 170 -0.0195 0.1323 -0.43 
1.203 -0 06Q.t 0.1290 -0.563 
1 235 -0 0704 0.1254 -0.693 
l 270 -0 0 '23 01211 -0 63 
1 29 -0 0923 0.1159 -1.033 
1 330 -0 1045 0.1104 -1.259 
1 37 -0 1209 0.1 ().t -1.590 
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Ramo~cr Tcchnik + De ign 
varioPROP 
7.00 
Fig-. 56 5 
Run l 19dvu Run: 1854dvu 
P1tch nt 0. 75 R 3 dcg Pitch at 0.75R = 16 deg 
AH•rag(' RP~1 1013 Average RPM: 4010 
J CT Cp 1] J Cr Cp TJ 
0 201 0 0163 0.0151 0 217 0.205 0.0936 0.0802 0.239 
0 216 0.0092 0 0140 0.162 0.252 0.0918 0.0791 0.293 
0305 0.0006 0 0133 0 015 0.306 0.0877 0.0778 0.344 
0 351 -O.OOc 2 0 011 -0.245 0.355 0.0836 0.0775 0.383 
O.W9 -0.017 0.0106 -0.6 9 0.412 0.0778 0.0775 0.413 
0467 -0.02 0.00 9 -1 509 0.471 0.0698 0.0769 0.428 
Run : 1 50dvu 0.522 
0.0606 0.0758 0.418 
0.568 0.0511 0.0734 0.395 
P1tch at 0 .75R 3 dcg 0.626 0.0362 0.0681 0.332 
A Vl'rage RP\1 5526 0.669 0.0260 0.0639 0.272 
J lT Cp 1] 0.736 O.Dl05 0.0578 0.133 
0 117 0.0211 0.0155 0 229 0.771 0.0030 0.0551 0.042 
0.1 6 0 0190 0.0150 0 237 0.839 -0.0126 0.0485 -0.218 
0.224 0.01 13 0.01 17 0.21 0. 68 -0.0194 0.0456 -0.370 
0 260 0 0090 0.0 111 0.166 0.931 -0.0348 0.03 6 -0.839 
0 296 0 0030 0.0133 0.067 0.967 -0.0442 0.0345 -1.240 
0339 -0 0011 0 0122 -0.113 1.036 -0.0630 0.025 -2.533 
03 0 -0.011 2 0.01 12 -0.37 
0.116 -0.01 1 0.0099 -0.771 Run: 1 55dvu 
0.41 
-0 0250 0 00 6 -1.297 Pitch at 0.75R = 16 deg 
0.1 9 -0 032,1 0.0077 -2.057 Average RPM: 5519 
0527 
-0 0-103 0.0063 -3.375 J Cr Cp 1] 
0.564 -00 176 0.0052 -5. 197 0.14 0.0979 0.0 33 0.175 
0.1 6 0.0961 0.0 1 0.218 
Run· 1 51dvu 0.222 0.0940 0.079 0.262 
P1tch at 0 75R - 3 deg 0.25 0.0922 0.07 0.303 
A veragc RP~l 7021 0.297 0.0 95 0.07 2 0.339 
J Cp 1J 0.337 0.0 66 0.07 0 0.374 
0 II 0.0 156 0.2 13 0.379 0.0 27 0.0773 0.405 
0.147 0.015·1 0.237 0.416 0.07 7 0.0770 0.425 
0.176 0.02 1·1 0.0151 0.24 0.452 0.0745 0.076 0.439 
0 205 0.0175 0.01<1 0.2·13 0.491 0.0694 0.0765 0.445 
0 2:33 o ot:ls 0 01 ·14 0.219 0.529 0.0637 0.0761 0.442 
0 26 0 00 I 0.0137 0.161 0.563 0.0579 0.0756 0.431 
0.296 0 0039 O.Dl32 0.0 0.599 0.0502 0.0742 0.405 
0326 
-0 0010 0.0125 -0.026 0.643 0.0391 0.0706 0.356 
0.353 
-0.006 1 0.0116 -0.1 5 0.670 0.0319 0.06 0 0.315 
03 0.0123 0.0107 -0.447 0.712 0.020 0.0633 0.234 
0.116 
-0.0 177 0.009 -0.746 0.739 0.0126 0.0593 0.157 
0.<1116 
-0 0236 0.00 9 -1.1 2 
0.470 
-0.02 4 0.00 1 -1.655 
0.400 
-0.03·12 0.0071 -2.415 
0.529 
-0 0 102 0.0060 -3.525 
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Run I 56dvu Run: 1858dvu 
P1tch at 0.75R = 16 dcg Pitch at 0.75R = 16 deg 
\ veragc RPM : 55 12 Average RPM: 7020 
J Cr Cp TJ J Cr Cp TJ 
0.637 0.0410 0 0713 0 366 0.499 0.0705 0.0771 0.456 
0 673 0 031 00 0 0 314 0.528 0.0664 0.0768 0.456 
0.712 0 0212 0 0636 0.238 0.555 0.0621 0.0766 0.450 
0 71 t 0 0131 0.0601 0162 0.588 0.0558 0.0756 0.434 
07 0 0019 0 0551 002 0.616 0.0513 0.0757 0.418 
0 19 -0 0053 0 05 19 -0 083 0.646 0.0450 0.0740 0.393 
0 60 -0 0147 0.017 -0 261 0.679 0.0372 0.0718 0.352 
0 90 -0 0222 0 0414 -0.445 0.705 0.0299 0.0688 0.306 
0.9 15 -0 0357 0 03 5 -0. 7 0.741 0.0202 0.0648 0.230 
0 973 -0 0 123 0 0353 -1 165 0.768 0.0125 0.0615 0.156 
1 017 -0 0539 0.0297 -1. 17 0.796 0.0053 0.0582 0.072 
1 056 -0 0616 0.02·15 -2 790 0. 23 -0.0020 0.0548 -0.031 
1.0 2 -0.0720 0.021 1 -3.699 0.859 -0.0118 0.0501 -0.202 
1 126 -0 0 36 0 014 -6.362 0.887 -0.0188 0.0467 -0.357 
0.913 -0.0252 0.0434 -0.531 
Run I 57dvu 0.940 -0.0316 0.0401 -0.741 
P1tch at 0 75R- 16 deg 0.975 -0.0400 0.0361 -1.082 
Average RP~1 69 5 1.002 -0.0470 0.0329 -1.432 
J c1 Cp TJ 1.029 -0.0546 0.0293 -1.921 
0 117 0 1001 0 0 49 0.13 1.064 -0.0634 0.0249 -2.712 
0.1-16 0.0995 0 0843 0.172 1.090 -0.0714 0.0213 -3.661 
0 176 0 09 3 0.0 30 0.20 1.116 -0.07 9 O.D173 -5.094 
0 205 0 096 0.0 15 0.244 1.150 -0.0 91 0.0122 -8.367 
0 236 0 0946 0 0803 0.27 1.176 -0.0975 0.00 1 -14.23 
0 267 0 0926 0.0795 0.311 
0 299 0 0905 0.07 9 0.343 Run : 1 40dvu 
0 329 00 I 0 01 4 0.371 Pitch at 0.75R = 36 deg 
0.359 0 0 62 0.07 ·1 0.395 Average RPM: 302 
0 3 9 0 0 29 00776 0.116 J Cr Cp TJ 
0 11 0 0 01 0 0775 0.432 0.266 0.1030 0.1439 
0.190 
0.413 0 0773 0.0774 0.442 0.335 0.0995 0.142 
0.233 
0 474 0 0733 0 0771 0.151 0.404 0.0942 0.13 9 
0.274 
0.0 79 0.1344 0.316 0 503 0 069 1 0 0769 0.455 0.4 3 
0.452 0.549 0.0 1 0.1312 
0.342 
0 533 0 0650 0.0766 
0.620 0.0715 0.1249 0.355 0.566 0.0599 0.0763 0.444 
0.691 0.0647 0.1251 0.35 0.595 0 05 12 0.0755 0.427 0.0550 0.1235 0.338 0.759 
0. 24 0.0442 0.1225 0.29 
o. 79 0.0299 0.116 0.225 
0.975 0.0065 0.1073 0.059 
1.022 -0.0074 0.09 9 -0.077 
1.103 -0.0270 0.0897 -0.332 
1.17 -0.0456 0.0830 -0.647 
1.219 -0.0576 0.0752 -0.934 
1.29 -0.0 30 0.0602 -1.790 
1.33 -0.0926 0.0542 -2.2 4 
14 
Hun 1S11dvu Run: 1843dvu 
P1tch at 0 75H 36 dcg Pitch at 0.75R = 36 deg 
Avemge HPt\1 5026 Average RPM: 6510 
J Cr Cp TJ J Cr Cp 1J 
0 163 0.1077 0 1172 0. L 19 0.126 0.1117 0.1527 0.092 
0 203 0.1079 0 1·1 1 0 14 0.156 0.1099 0.1509 0.114 
0.247 () 1063 0 1469 0.179 0.189 0.1101 0.1517 0.137 
0.2 6 0 1025 0.1135 0.201 0.218 0.1070 0.1483 0.157 
0 32 0 1009 0 1135 0.231 0.252 0.1072 0.1499 0.181 
0 375 0 0972 0 1411 0.25 0.285 0.1034 0.1461 0.201 
0...113 () 0952 0 1107 0.2 0 0.319 0.1032 0.1474 0.224 
0 U7 0 0~ 9 0 1339 0 297 0.353 0.0996 0.1445 0.244 
019 0 0 67 0 1341 0.322 0.380 0.0973 0.1429 0.259 
0 532 0 0 22 0 1304 0.335 0.417 0.0939 0.1405 0.279 
0 571 0 0757 0 1251 0 345 0.449 0.0898 0.1372 0.294 
0 619 0.0735 0. 126 0.359 0.478 0.0 73 0.1355 0.308 
0.663 0 0691 0 1266 0.363 0.507 0.0838 0.1323 0.321 
0 702 0 0629 0 1237 035 0.547 0.0 28 0.1335 0.339 
OH1 0.0572 0.1225 0.34 0.570 0.0784 0.1297 0.344 
0 7 7 0 0521 0.1230 0.333 0.604 0.0754 0.1289 0.354 
0 23 0 0136 0 1194 0 301 0.627 0.0702 0.1241 0.354 
Run· 1 -12d" u Run: 1 45dvu 
Pitch at 0.75R = 36 deg Pitch at 0.75R = 36 deg 
A\·erage RP!\.1 50 14 Average RPM: 6510 
J Cr Cp 1} J Cr Cp 1J 
0 696 0 0611 0.12 12 0.353 0.539 0.0 52 0.1346 0.341 
0711 0 0565 0.1212 0.346 0.570 0.0 13 0.1320 0.351 
0 7 0 0 05 12 0.120-l 0.332 0.601 0.07 0 0.1301 0.360 
0 0 0455 0 .1207 0.311 0.633 0.0746 0.12 9 0.366 
0 0373 0.1161 0.274 0.661 0.0703 0.1264 0.368 
0 02 2 0. 1153 0.220 0.696 0.0672 0.1262 0.371 
0 925 0.0196 0.1107 0.163 0.72 0.0624 0.1253 
0.362 
0 9 1 0 0110 0.1123 0.096 0.760 0.057 0. 1245 
0.353 
I 002 0 0019 0.1053 0.01 0.79 0.0521 0.123 
0.336 
1 062 -0.0117 0.1013 -0. 123 0. 22 0.04 5 0.1231 
0.324 
1 096 -0.0229 0.09 13 -0.267 0.859 0.0425 
0.1224 0.29 
1.158 -0 0366 0.0 9 -0.472 o. 90 0.0377 
0.1222 0.274 
1 202 -0 0 1 0 0.0 ·I -0.679 0.922 0.0321 
0.1216 0.243 
I 2 13 
-0 0595 0 0767 -0.964 0.951 0.0261 
0.1199 0.207 
I 265 -0 0670 0.0719 -1 179 0.9 7 0.01 1 
0.117 0.152 
I 317 
-0 0 06 0.0660 -1.607 1.022 
0.0094 0.1154 0.0 4 
I 363 -0 09 14 0.0572 -2.24 1.053 
0.0022 0.1 129 0.021 
1.403 
-0 10511 0.0526 -2. 10 1. 3 
-0.0057 0.1099 -0.057 
I 1119 -0 113 0 01·11 -3.631 1.112 
-0.013 0.1063 -0.144 
1.140 -0.0214 0.1026 -0.23 
1.166 -0.0291 0.09 2 -0.3·16 
1.209 -0.0427 0.0909 -0.567 
1.235 -0.0504 0.0 59 -0.724 
1.263 -0.05 0.0 10 -0.916 
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Ramo cr Technik + D sign 
varioPROP 
7.1G 
Ftg!'> 5 II '> 13 
Run I 67dvu Run: 1870dvu 
PttC'h at 0 75R = 5 d('g Pitch at 0.75R = 20 deg 
-\wrag(' RP~I 5017 Average RPM: 4018 
J Cr lp 1J J Or Cp Tf 
0 161 0 () 13 0 0272 0259 0.203 0.1249 0.0849 0.299 
0199 0.0371 0 0265 0 2 1 0.249 0.1168 0.0842 0.345 
0 212 0 0309 0 0263 0 2 4 0.304 0.1102 0.0850 0.394 
0 2 1 0 0236 0 0256 0.259 0.350 0.1004 0.0830 0.424 
0 323 00151 0 0217 0 201 0.401 0.0919 0.0822 0.448 
0 369 0 0055 0 023 1 0.0 7 0.464 0.0781 0.0788 0.460 
0 101 -0 002c 0 0221 -0.051 0.508 0.0684 0.0763 0.456 
0 152 -0 0136 0 0207 -0.297 0.567 0.0541 0.0716 0.428 
0.496 -0.02 11 () 0190 -0 627 0.602 0.0455 0.0688 0.399 
0 529 -0 032 0 017 1 -0 997 0.669 0.0281 0.0622 0.303 
0 570 -0.042 0 0159 -1.531 0.715 0.0156 0.0572 0.195 
0.615 -0 0517 0 01 10 -2.411 0.761 0.0051 0.0542 0.071 
0 650 -0 0650 0 0122 -3 150 0. 19 -0.0111 0.0480 -0.189 
0 692 -0 0770 0 0102 -5 229 0.853 -0.0206 0.0439 -0.400 
073 -0.0906 0 0076 - .769 0.915 -0.0397 0.0350 -1.039 
0.769 -0 0999 0 0063 -12.246 0.966 -0.0566 0.0277 -1.977 
o. 06 -0 I 109 0 0016 -19 635 l.OQ.t -0.0736 0.0187 -3.948 
Run 1 6, clvu Run : 1 71dvu 
Pttch at 0 75R = 5 deg Pitch at 0.75R = 20 deg 
AveragE> RP~l 651 Average RPM: 5017 
J Cr Cp '7 J Cr Cp 7J 
0 121 0 052 0 02 0 0 233 0.161 0.1324 0.0 33 0.256 
0 15·1 0 0 1 ·I 0 0278 0.26 0.204 0.12 7 0.0849 0.309 
0. 1 6 0 0 133 0 0274 0.294 0.243 0.1227 0.0 54 0.349 
0 216 0 03 3 0 0271 0.306 0.2 2 0.1152 0.0 45 0.385 
0 25 1 0 0320 0 0265 0.303 0.321 0.10 7 0.0841 
0.415 
0.2 5 0 0251 0 .025 0.2 0 0.36 0.1025 0.0 47 
0.445 
0.3 15 0 0 193 0 0252 0.2·12 0.410 0.0937 0.0 34 
0.461 
0 316 0 0127 0 02 13 0 1 1 0.450 0.0 61 
0.0 21 0.472 
0 379 0 0052 0.0233 0.0 5 0.493 0.0761 
0.0797 0.470 
0. 11 0 
-0.0020 [) 0223 -0.037 0.529 0.0664 0.0764 
0.459 
0 110 
-0 0092 0 0212 -0. 191 0.573 0.0554 
0.0731 0.435 
0 469 
-00162 0.0201 -0.377 0.609 
0.0461 0.0700 0.402 
0.502 
-0 024:3 0.01 -0.649 0.656 
0.0352 0.0664 0.347 
0 537 
-0 0332 0 0173 - 1.032 0.6 7 
0.0269 0.063 0.290 
0 561 
-0 0397 0 0163 - 136 0.731 
0.0153 0.0593 0.1 
0.591 
-00176 0.014 -1. 97 0.773 
0.0037 0.054 0.052 
-0.0052 0.0513 -0.0 1 
0 62·1 
-0 0570 0.0132 -2.703 0. 04 
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Run . 1 72dvu Run: 1874dvu 
Pttch nt 0 75R = 20 deg Pitch at 0. 75R = 20 deg 
A\wage RP~l 5003 Average RPM: 6011 
J C1 ('p 11 J Cr Cp f/ 
0 600 0 0261 0.0634 0.2 0.572 0.0597 0.0754 0.453 
0 727 0 0165 0 0600 0 201 0.611 0.0510 0.0732 0.425 
0 773 0 00·~0 0 0550 0.057 0.644 0.0425 0.0703 0.390 
0 05 -0 001 0 0516 -0.075 0.676 0.0338 0.0674 0.339 
0. 55 -0 0197 0 ().151 -0 372 0.705 0.0259 0.0645 0.283 
0 '93 -00313 0 0400 -0.699 0.748 0.0137 0.0598 0.172 
0 931 -0 0·143 0 0310 -1.217 0.777 0.0060 0.0566 0.082 
0.971 -0 0579 0 027 -2.023 0.804 -0.0018 0.0536 -0.028 
1 019 -0 0712 0 0205 -3 681 0.851 -0.0158 0.0474 -0.283 
1 016 -0 0 61 0 013 -6.521 0.886 -0.0267 0.0426 -0.555 
1.106 .o 105 0 0067 -17.550 0.913 -0.0361 0.0378 -0.873 
1.107 -0 1062 0 0066 - 17.950 0.949 -0.0468 0.0332 -1.336 
Run: I 73dvu 0.978 -0.0564 
0.0286 -1.928 
1.015 -0.0688 0.0223 -3.136 
Pitch at 0.75R = 20 deg 1.066 -0.0 68 0.0137 -6.746 
Average RPM · 59 6 1.080 -0.0921 0.0117 -8.568 
J Cr Cp 11 1.076 -0.0907 0.0124 -7.896 
0 136 0 13 1 0 0810 0 223 
0 16 0 1355 0 0 ·17 0.269 Run: 1860dvu 
0.201 0 1315 0 0 53 0.314 Pitch at 0. 75R = 35 deg 
0.2·12 0 1259 0.0 57 0 355 Average RP~f: 3020 
0 272 0.1213 0.0 60 0.384 J Cr Cp f/ 
0 311 0 114 0 0 59 0.415 0.270 0.1621 0.22 9 0.191 
0 345 0 1091 0.0857 0.439 0.330 0.1569 0.2229 0.232 
0.37 0 1033 0.0 53 0.45 0.406 0.1497 0.2137 0.284 
0.·113 0.0966 0 0 -16 0.472 0.469 0.1454 0.20 9 0.327 
0.·116 0.0 9 0.0 36 0.479 0.533 0.1379 0.2026 0.363 
0.4 0 0.0 2 t 0.0 21 0.4 1 0.611 0.1296 0.199 0.396 
0.512 0 075-1 0 0 05 0.479 0.674 0.1217 0.19 7 0.412 
0.514 0 06 3 0 .07 7 0.471 0.740 0.1123 0.19 6 0.419 
0.575 0 0577 0.0743 0.447 0. 24 0.0966 0.19 6 0.401 
0.609 0 0515 0 0734 0.427 0. 79 0.0 26 0.1951 
0.373 
0 637 0 0143 00710 0 397 0.95 0.0665 0.1947 
0.327 
0.679 0.0670 0.331 1.011 O.O.t 5 0.1 70 
0.262 
0 0327 
1.089 0.027 0.1 04 0.16 
1.149 O.oi05 0.1731 0.069 
1.226 -0.0130 0.1633 -0.09 
1.2 1 -0.0311 0.1530 -0.260 
1.364 -0.0579 0.13 2 -0.572 
151 
Run: I ·11dvu Run: 1865dvu 
P1tch at 0 75H = 36 deg Pitch at 0.75R = 36 deg 
A vcrRge H P~l 5026 Average RPM: 6020 
J C'r Cp 1'/ J Cr Cp '1 
0 163 0.1077 0 1172 0 119 0.134 0.1623 0.2277 0.096 
0.203 0 1079 0 11 1 0 14 0.169 0.1674 0.2355 0.120 
0 217 0 1063 0 1169 0 179 0.202 0.1641 0.2316 0.143 
0 2 6 0.1025 0 1135 0 201 0.237 0.1655 0.2347 0. 167 
0 32 0.1009 0.1135 0 231 0.266 0.1579 0.2249 0.187 
0 375 00972 0.1411 0 25 0.306 0.1583 0.2262 0.214 
0 413 0 0952 0 1107 0 2 0 0.342 0.1584 0.2274 0.239 
0 117 00 9 0 1339 0 297 0.376 0.1553 0.2241 0.261 
OA9 0 0 67 0 1341 0.322 0.410 0.1523 0.2207 0.283 
0 532 0 0 22 0 130·1 0 335 0.436 0.1488 0.2164 0.300 
0 571 0 0757 0 1251 0.345 0.475 0.1456 0.2129 0.325 
0 619 0 0735 0 126 0.359 0.509 0.1431 0.2113 0.345 
0 663 0 069-1 0 1266 0 363 0.544 0.13 7 0.2067 0.365 
0 702 0 0629 0 1237 0 35 0.572 0.1340 0.2029 0.378 
0 7·1<1 0 0572 0 1225 0.34 0.610 0.1325 0.2046 0.395 
0 7 7 0.0521 0 1230 0 333 0.644 0.1284 0.2030 0.407 
0. 23 0 0136 0 1191 0.301 0.6 3 0.1234 0.2019 0.417 
Rull' 1 61dvu 
P1tch at 0 75R - 36 deg 
Average RP~1 -1522 
J Cr Cp 1'/ 
0 17 0.1667 0 232 0 12 
0 222 0 1656 0 2325 0 15 
0 269 0.1625 0 2295 0.190 
0 312 0 1592 0.2263 0.220 
0 356 0 1552 0 221 0.249 
0 112 0 1505 0.2161 0.2 7 
0 .·155 0 1172 0.2122 0.316 
0 .·199 0 1130 0.20 1 0.342 
0.511 0.13 I 0 205·1 0.365 
0 593 0 1331 0.2033 0.3 
0 636 0 1269 0.200 0.402 
0 6 0 0.1207 0.19 0.413 
0 726 0 1171 0.1997 0.426 
0 771 0 1105 0.19 6 0..12 
0 01 0.097·1 0 190·1 0.411 
0. 69 00927 0.1991 0.40 I 
0 9 12 0 0 32 0.197 0.3 4 
152 
Ramo er Technik + Design 
varioPROP 
7.90 
Run : l 3dvu Run: 1885dvu 
P1tch at 0 .75H = 5 deg Pitch at 0.75R = 5 deg 
A H•rage RP~l · ·1023 Average RPM: 7020 
Cp TJ J Cr Cp fJ 
0 I 3 0 .0215 0 243 0.102 0.0439 0.0233 0.193 
0 22 ... 0 .0210 0 252 0.130 0.0408 0.0231 0 .230 
0 265 0 .0 1 2 0 020·1 0 237 0.156 0.0379 0.0229 0.259 
0 31 1 0 .0109 0 .019·1 0 176 0.182 0.0348 0.0226 0.280 
0372 0 0013 0 0179 0 027 0.207 0.0314 0.0222 0.293 
0.~11 -0.0053 0 .0 167 -0 130 0.238 0.0269 0.0216 0.296 
0466 -0 0150 0.0150 -0 166 0.262 0.0232 0.0211 0.289 
0 500 -0 0211 0 .0 139 -0 760 0.290 0.0189 0.0204 0.268 
0 5 19 -0 0296 0 0125 -1.297 0.314 0.0148 0.0198 0.235 
0 602 -0 O.JOO 0 0 106 -2 276 0.340 0.0102 0.0190 0.182 
0.631 -0.0 160 00095 -3 059 0.369 0.0051 0.0181 0.104 
0 695 -0 05 7 0 .0072 -5 690 0.394 0.0004 0.0173 0.008 
0 721 -0 0642 00061 -7.574 0.420 -0.0047 0.0165 -0.121 
0.722 
-006 1·1 0 .0061 -7 6 19 0.446 -0.0097 0.0157 -0.275 
Run. I 
0.471 -0.0142 0.0149 -0.451 
4dvu 0.496 -0.0189 0.0140 -0.668 
Pitch at 0 .75R = 5 deg 0.521 -0.0238 0.0133 -0.937 
Average RPI\,1 5511 
J Cr Cp TJ Run: 1 6dvu 
0.131 0 .0371 0 0226 0.2 15 Pitch at 0.75R = 5 deg 
0.163 0.0336 0 .0223 0.2.J5 Average RP~l: 7032 
0.197 0.0295 0 021 0.266 J CT Cp TJ 
0 231 0 0219 0.0213 0 270 0.445 -0.0097 0.0156 -0.276 
0 270 0 019 1 0 0205 0.255 0.473 -0.0147 0.014 -0.472 
0 299 0 0 118 0 0 19 0 225 0.499 -0.0195 0.0139 -0.700 
0337 0 00 6 0 0 1 7 0.155 0.523 -0.0241 0.0131 -0.965 
0 36 0 OO:l l 00179 0.070 0.546 -0.02 6 0.0124 
-1.264 
0 400 
-0 0020 0 0 170 -0.047 0.575 -0.0346 0.0113 
-1.754 
0.·136 
-0 00 ·1 0 0 159 -0 229 0.599 -0.0393 
0.0104 -2.256 
0467 
-0 0136 0 0 150 -0 12·1 
0.50·1 
-0 0202 0.0139 -0.731 
0 528 
-0 02·19 0 0 13 1 -1.00-1 
0.564 
-0 03 15 0.0119 -1..197 
0.591 
-0.0376 0 0 10 -2.071 
0 631 
-0 0 155 0 009 1 -3.053 
0 660 
-0 0509 0 00 I -3.9 9 
153 
Run l 90dvu Run: 1892dvu 
Pitch at 0 75R = 19 dcg Pitch at 0.75R = 19 deg 
Avcrn~c HP~I : 1025 Average RPM: 5526 
J CT Cp TJ J CT Cp TJ 
0 177 0 .092 0 0696 0 .237 0.132 0.0940 0.0688 0.180 
0.222 0 .0913 0 069 1 0.293 0.166 0.0929 0.0681 0.227 
0 270 0 .089 1 0 .068 0350 0.197 0.0921 0.0677 0.268 
0 31·1 0 0 63 0 0690 0392 0.230 0.0910 0.0675 0.310 
0 359 0 .0 I 0 0691 0.425 0.263 0.0895 0.0675 0.348 
0 H-1 0 07 t6 0 0687 0.449 0.299 0.0878 0.0679 0 .387 
0 160 0 .065 1 0 .0670 0 .4·19 0.334 0.0853 0.0683 0.417 
0.503 0 .057 0.0653 0445 0.368 0.0827 0.0685 0 .444 
0 553 0 0169 0.0616 0 .421 0.400 0.0792 0.0686 0.462 
0 5 6 0 .0 103 0.0591 0 .400 0.432 0.0755 0.0687 0.475 
0 61 0 0270 0 0531 0.327 0.467 0.0706 0.0683 0.483 
0 6 2 0 .0197 0 .0501 0.269 0.502 0.0648 0.0674 0.483 
0 737 00072 0.044 1 0.121 0.535 0.0588 0.0661 0.477 
0 763 0 0019 0 0416 0.035 0.561 0.0536 0.0646 0.466 
0 ' 23 -0 0120 0 0351 -0 .278 0.598 0.0453 0.0619 0.43 
0. 69 -0 022.1 0 0305 -0.639 0.627 0.03 9 0.0597 0.408 
0.914 -0.033 0 02 17 - 1.253 0.663 0.0305 0.0563 0.359 
Run: 1 91dvu Run : 1 93dvu 
Pitch at 0 .75R = 19 deg Pitch at 0.75R = 19 deg 
Average RPM · 3995 Average RPM: 5506 
J CT Cp TJ J CT Cp f] 
0 777 
-0 0025 0 0402 -0.049 0.563 0.0527 0.0644 0.460 
0.812 -0010 1 0.0367 -0.224 0.594 0.0460 0.0622 0.439 
0 67 -0 0231 0 030 1 -0 .667 0.631 0.0375 0.0590 
0.401 
0 9 13 -0 0351 0 0247 -1.29 0.660 0.0312 0.0565 
0.364 
0 960 -0.0-175 O.Ql 6 -2.452 0.696 0.0226 0.0526 0.299 
1.015 -0.0633 0.01 11 -5.7 5 0.736 O.Dl27 
0.0481 0.195 
0.762 0.0067 0.0453 0.114 
0.794 -0.0010 0.0415 -0.020 
o. 31 -0.0099 0.0373 -0.219 
0. 55 -0.0155 0.0344 -0.387 
0.904 -0.02 7 0.0277 -0.933 
0.934 -0.036 0.0236 -1.453 
0.970 -0.0471 0.0185 -2.461 
1.001 -0.0562 0.0140 -4 .021 
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l 
I 
I 
Run I !) ldvu 
P1tch at 0 .75R = 19 dcg 
A vcrnge H.P~l 6500 
J Cr Cp 
0 110 0 0972 0.06 6 
0 139 0 0959 0 0677 
0 167 0 0950 0 .067·1 
0.200 0 093 0.066 
0 221 0 0931 0 .066 
0 256 0 .0918 0 .066 
0 2 5 00902 0.0672 
0 312 0 .0 1 0 .0675 
0311 0 0 67 0 .06 0 
0 370 00 19 0 .06 3 
0.39 0 OS20 0.0684 
0.426 0 07,6 0.06 3 
0 45·t 0 0755 0 .0683 
0..17 00720 0.06 1 
0.506 0 0676 0 .0675 
0 .531 0 062 0 .0667 
0 .561 0 0577 0 .0657 
Run: l 95dvu 
P1tch at 0 75R = 19 dcg 
Average RP~t 6507 
J c1 Cp 
0.47 0 0713 0 06 0 
0 506 00669 0.0675 
0 533 0 062 1 0 0667 
0 561 0 0572 0.0651 
05 0 051 0.0641 
0 620 0 0 116 0 .0620 
0.650 0 0373 0 .0591 
0 676 0 03 11 0 .0569 
0 702 0 02 19 0 .05·15 
0 733 0016 0.0509 
0 759 0 0101 0 0·1 0 
0 7 ·I 0 00·13 0 .0·152 
0 .81 0 0043 0 040 
0 . 12 
-0 0101 0 .037 
0 .871 0 0180 0 0339 
0 902 
-0.026 1 0 .0296 
0.932 
-0.0346 0 .0253 
0.960 0.0·13 1 0 .0211 
Run: 1878dvu 
Pitch at 0.75R = 40 deg 
Average RPM: 4010 
11 J CT Cp 1/ 
0 156 0.185 0.1169 0.2228 0.097 
0 197 0.227 0.1179 0.2253 0.119 
0 236 0.274 0.1175 0.2254 0.143 
0 280 0.319 0.1166 0.2248 0.166 
0 .313 0.364 0.1147 0.2235 0.187 
0352 0.418 0.1117 0.2218 0.210 
0 .3 3 0.461 0.1088 0.2207 0.227 
0.409 0.508 0.1046 0.2184 0.243 
0135 0.549 0.1010 0.2159 0.257 
0 160 0.594 0.0970 0.2132 0.270 
0. 177 0.644 0.0928 0.2113 0.283 
OA91 0.690 0.0891 0.2097 0.293 
0.501 0.726 0.0856 0.2080 0.299 
0 506 0.771 0.0 08 0.2056 0.303 
0 507 0.814 0.0769 0.2046 0.306 
0 503 0. 60 0.0715 0.203-t 0.302 
0 493 0.910 0.0649 0.2023 0.292 
Run: 1 79dvu 
Pitch at 0.75R = 40 deg 
Average RPM: 4023 
1J J CT Cp 11 
0500 0.773 0.0 02 0.205 0.301 
0 501 0. 20 0.0754 0.2043 0.302 
0 49 o. 66 0.0701 0.2034 0.298 
0 .190 0.90 0.0647 0.202 0.290 
0.475 0.952 0.05 7 0.2023 
0.277 
0.445 0.997 0.0526 0.2015 
0.260 
0.409 1.04 0.0453 0.200 
0.236 
0.370 1.093 0.0390 0.2004 
0.213 
0.321 1.13 0.0322 0.2003 
0.1 3 
0 242 1.174 0.0261 
0.1992 0.154 
0.161 1.216 0.0191 
0.19 2 0.117 
0.075 1.263 0.0107 
0.19 2 0.06 
-0.0 6 1.305 0.0029 
0.1968 0.019 
-0.225 1.367 -0.0093 
0.1945 -0.066 
-0.<162 1.420 -0.0199 
0.191 -0.147 
0.1 -0.221 
-0.797 1.456 -0.02 6 
1.500 -0.03 4 0.1 57 -0.311 
-1.276 
-0.0544 0.17 5 -0.476 
-1.976 1.561 
1.594 -0.0633 0.1734 -0.582 
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Run 18 Odvu Run: 1888dvu 
Pitch nt 0 75H = 40 deg Pitch at. 0. 75R = 40 deg 
Awragc RP~I 5005 Average RPM: 6021 
J Cr ('p Tl J Cr Cp TJ 
01 16 0 1153 0 220 0 076 0.518 0.1053 0.2231 0.244 
0 17~ 0 1160 0.2229 0.093 0.548 0.1025 0.2202 0.255 
0 217 0 1165 0.2250 0 112 0.578 0.1000 0.2183 0.265 
0 256 0 1166 0.2259 0 132 0.607 0.0974 0.2171 0.272 
0 295 0 1151 0 2252 0 151 0.644 0.0947 0.2161 0.282 
0333 0 III:J 0 22 15 0.170 0.668 0.0931 0.2143 0.290 
0 371 0.11:!5 0.22 16 0.1 7 0.697 0.0910 0.2129 0.298 
0 ·107 0 111 1 0.2230 0 203 0.727 0.0 82 0.2122 0.302 
0 1-1-1 0.1093 0.2222 0 21 0.757 0.0851 0.2109 0.306 
0 17 ' 0 1066 0 2201 0 232 0.792 0.0816 0.2098 0.308 
0.510 0 1011 0 21 2 0.2·13 0.823 0.0786 0.2094 0.309 
0 552 0.1001 0.2153 0.257 0. 52 0.0752 0.2090 0.307 
0.5 '7 0 0979 0.213 0 269 0.875 0.0723 0.2081 0.304 
0 622 0 091 0.2123 0 27 0.906 0.0685 0.2080 0.298 
0 653 0 092 1 0 2111 0 2 6 0.936 0.0645 0.2072 0.291 
0693 0 o. 92 0.2095 0.295 0.965 0.0605 0.2068 0.282 
0.731 0 Ob5 0.20 2 0303 1.003 0.0555 0.2059 0.271 
1.030 0.0518 0.2056 0.259 
Run: 1 1d\'ll 1.062 0.0-170 0.2048 0.244 
Pitch at 0 75R = ·10 deg 1.091 0.0-125 0.2043 0.227 
Average RP~L 5016 1.121 0.0383 0.2047 0.210 
J Cr Cp 11 1.159 0.0321 0.20-11 0.182 
0 61 0 0952 0.2123 0.277 1.191 0.0273 0.2041 0.159 
0656 0.0923 0.2111 0.2 7 1.220 0.0226 0.2037 0.136 
0.691 0 0 9 1 0.2096 0 294 
0.726 0 0 63 0 20 2 0.301 Run: 1 7dvu 
0 762 0 0 31 0 2073 0.305 Pitch at 0.75R = 40 deg 
0 797 0 0795 0 2060 0.30 Average RPM: 5999 
0 33 0 07 19 0.20-13 0.305 J Cr Cp TJ 
0. 75 0 0702 020 10 0.301 0.123 0.1163 
0.2220 0.064 
0.910 0 065 1 0 293 0.149 0.11 1 
0.2252 0.07 
0 203 1 0.11 6 0.2274 0.095 0 956 0.2 2 0.1 1 0 0599 0 2032 0.1192 0.2297 0.110 0 9 5 0.270 0.212 0 0556 0 2026 0.11 6 0.229 0.12 L02 1 0.0508 0.2016 0.257 0.24 0.275 0.11 3 0.2299 0.142 1.065 0 0151 0.2010 0.239 0.1172 0.2295 0.157 I 101 0 0393 0 2007 0.216 0.30 0.339 0.1163 0.2292 0.172 1.136 0 03 13 0.2001 0.194 0.369 0.1151 0.22 5 0.1 6 1.173 0 028·1 0.199 0.167 0.1135 0.2277 0.199 I 209 0 0226 0.1994 0.137 0.399 0.430 0.1120 0.2268 0.212 1 241 0 0161 0.1992 0.102 0.1103 0.2259 0.224 I 28 1 0 0096 0.19 3 0.062 0.460 0.490 0.1082 0.2245 0.236 1.316 0 0033 0.1075 0.022 0.516 0.1064 0.2233 0.246 1.351 
-0.0029 0.1962 -0.020 0.546 0.103 0.2209 0.257 I 386 
-0 0008 0.1952 -0.069 0.575 0.1014 0.21 6 0.267 1.41 8 
-o OlGa 0.1011 -0.1 JO 0.605 0.09 9 0.2176 0.275 1.1152 
-0 0235 O.J 923 -0.177 
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Ramoscr Tcchnik + Design 
\'lrioPROP 
.OG 
ftp 5.21 5 23 
Run: 1931dvu Run- 1937dvu 
Pilch at O.i5R :::: 3 dcg Pitch at 0.75R = 3 deg 
,\\m.ge RP~I. 30 I Average RPM: 5977 
J CT CJ• 1] J CT Cp '1 
0 I 7 -0 ()() 1 0 0211 -0 071 0.120 0.0005 0.0196 0.003 
0223 -0 0140 0 0222 -0 140 0.148 -0.0025 0.0203 -O.Ql8 
0 2i0 -0 0217 0 0233 -0.251 0.180 -0.0066 0.0211 -0.056 
0.317 -0 0307 0 0211 -0.309 0.209 -0.0108 0.0218 -0.104 
0.363 -0 039 0 0251 -0 576 0.241 -0.0159 0.0225 -0.170 
0 413 -0 0505 0.0261 -0.791 0.274 -0.0219 0.0232 -0.258 
O..tGO -0 0614 0 026 -1 055 0.305 -0.0277 0.0240 -0.352 
0509 -0 073 0 027·1 -1 369 0.336 -0.0336 0.0246 -0.459 
0543 -0.0 3·1 0 02 0 -1.617 0.366 -0.0402 0.0252 -0.584 
0593 -0 0065 0 02 7 -1 99 0.398 -0.0476 0.0257 -0.736 
0629 -0 1070 0 0287 -2 345 0.427 -0.0545 0.0261 -0.892 
0 6~6 -0.121 0 0293 -2 922 0.454 -0.0610 0.0264 -1.047 
O.i31 -0 13 2 0 0297 -3 101 Run: 1938dvu 0.771 
-0 1·199 0 0305 -3 06 Pitch at 0.75R = 3 deg 
0. 22 -0.1643 o.o:mt -4..1•12 Average RPt\1: 6980 0.'70 
-0 I 00 0 0312 -5 030 J CT Cp '1 0.903 
-0.1905 0 0310 -5 555 0.102 0.0028 0.0192 0.015 
Run: 1936dvu 0.129 0.0001 0.0198 0.001 
Pitch at 0.75R = 3 deg 0.15-1 -0.0029 0.0204 -0.022 
Avl'rage RPM: •1970 0.1 0 -0.0062 0.0211 -0.053 
J CT Cp '1 0.20 -0.0103 0.0218 -0.098 
0.111 
-0 0026 0.0201 -0.01 0.235 -0.0147 0.0224 -0.155 
0.1 0 
-0 0069 0.021•1 -0 05 0.262 -0.0194 0.0229 -0.221 
0 21 
-0 0124 0.0223 -0 121 0.2 7 -0.0243 0.0235 -0.296 
0255 
-0 0185 0.0231 -0 20-1 0.315 -0.029 0.0241 -0.388 
02 7 
-0.0242 0.023 -0 292 0.340 -0.0352 0.0246 -0.4 6 
0330 
-0 0327 0.021 -0 137 0.367 -0.0412 0.0251 -0.600 
0367 
-0 0103 0 0251 -0 5 2 0.390 -0.0-165 0.0255 
-0.711 
0 105 
-0 01 5 0 0260 -0 75tl 
0.443 
-0.0571 0 0267 -0.917 
0.-179 
-0 0656 0.027 1 -1 161 
0506 
-0 0726 0 0271 -1 357 
0.547 
-0 0 31 0 0278 -1 639 
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Run : 191ldvu Run: 1943dvu 
Pitch at 0 75H = 3 deg Pitch at 0.75R = 15 deg 
,\verage HP~l : t016 Average RPM: 6005 
J C1· Cp '1 J Cr Cp 11 
0 177 0 .0 73 0 .0523 0 .296 0.122 0.1046 0.0542 0.236 
0 221 0 0 07 0 .0512 0.3·19 0.148 0.1006 0.0537 0.277 
0 275 0 .073. 0 .0503 0.404 0.181 0.0976 0.0542 0.326 
0312 0 0679 0 .0190 0.433 0.211 0.0936 0.0538 0.366 
0 3()1 0 .05 6 0 .0164 0.456 0.243 0.0887 0.0532 0.405 
0 ·105 0 .0503 0 .01·13 0.460 0.270 0.0841 0.0525 0.433 
0 ·156 0 0120 0 .0425 0 450 0.303 0.0776 0.0509 0.462 
0.1!)6 0 .0322 0 .03!)2 0 408 0.333 0.0733 0.0503 0.485 
0543 0.0230 0 .0370 0 33 0.363 0.0677 0.0492 0.499 
0 505 0 0106 0 .0330 0 192 0.392 0.0608 0.0474 0.503 
O.&tl -0.000·1 0 .0291 -0 009 0.424 0.0552 0.0464 0.505 
0.670 -0.00 9 0 .0259 -0.230 0.453 0.0493 0.0449 0.497 
0.71 1 -0 0215 0 0216 -0.714 0.482 0.0428 0.0430 0.479 
0.769 -O.OJ66 0 0167 -1 6 0.510 0.0358 0.0410 0.446 
0. 12 -0.0183 0.0131 -2 9 0 0.542 0.0279 0.0386 0.391 
0. 66 -0.0651 0 .007 1 -7 619 0.571 0.0187 0.0353 0.302 
0. 66 
-0.0649 0 .0073 -7.654 0.601 0.0130 0.0340 0.231 
Run:1942dvu Run: 1944dvu 
P1tch at 0.75R = 15 deg Pitch at 0.75R = 15 deg 
Average RP~1 : 5030 Average RPM: 6010 
J Cr Cp ,., J Cr Cp T} 
0.114 0 .0971 0 053 0 260 0.505 0.035 0.0412 0.439 
0.1 0 0 .0918 0 0530 0 .311 0.542 0.0272 0.03 9 0.379 
0.213 0 .0 56 0 0517 0 352 0.571 0.0203 0.0365 
0.317 
0.250 0 .0 15 0 .05 19 0 393 0.597 0.0125 0.0338 
0.221 
0.2 5 00777 0 .0510 0 431 0.635 0.0029 0.0310 
0.060 
0 325 0 .06 5 0 .0·1 1 0 163 0.661 -0.0039 0.02 
·0.090 
0363 0.06·10 0 0-179 0 .4 5 0.695 -0.0146 0.0247 
-0.410 
0.39 0 .0553 0 0151 04 0.729 -0.0236 0.0220 
-0.783 
0.431 0 .0501 0 .0· 115 0 I 0.75 -0.0317 
0.0193 -1.246 
0.169 0 0 111 0 0·111 0..165 0.7 6 -0.0405 
0.0161 -1.9 7 
0.505 0 0330 0 03 9 042, o. 00 -0.0466 0.0134 
-2.7 
0.53 0 0261 0 0373 0 3 0 0. 56 -0.0610 
0.0092 -5.677 
0.581 0 0167 0 .2 1 0. 7 -0.06 6 
0.0066 -9.103 
0 .0315 0.0065 - .97·1 
0.610 0 0090 0.0320 0 172 0. 69 -0.0671 
0 65·1 
-0 0032 0 02 0 -0. 075 
0.692 
-0 0133 0 02·1 -0.370 
0 724 
-0.0230 0 .021 1 -0. 7 
15 
Run: 1915dvu Run: 1925dvu 
Patch at 0.75 H = 15 dcg Pitch at 0.75R = 28 deg 
A" rage RP~1 : 7015 Average RPM: 4011 
J Cr Cp fJ J Cr Cp f1 
0.102 0 1101 0 051 0.206 0.177 0.1466 0.1394 0.186 
0.127 0 107 1 0 0549 0.21 0.220 0.1446 0.1373 0.232 
0.151 0 10 t3 0 0550 0.292 0 268 0.1417 0.1349 0.281 
0 179 01011 0 0550 0 330 0.315 0.1383 0.1329 0.328 
0.206 0 0977 0 05 19 0 367 0.362 0.1354 0.1323 0.371 
0.232 00935 0 0545 0 39 0 411 0.1307 0.1309 0.410 
0.259 0 0 92 0 0540 0..12 0.456 0.1269 0.1309 0.442 
0.2 5 0.08 13 0 0532 0.451 0.501 0.1227 0.1314 0.468 
0 311 0 079 0 0525 0.472 0.546 0.1178 0.1320 0.487 
0336 0 0754 0 0517 0.'190 0595 0.1116 0.1329 0.499 
0362 0.0706 0 0509 0.501 0.637 0.1047 0.1322 0.505 
0387 0 0016 0.0 199 0.501 0.680 0.0968 0.1310 0.502 
O..tl3 0 0591 0 01 6 0.502 0.722 0.0877 0.1281 0.494 
0.114 0 0522 0 0 170 0..193 0.764 0.0796 0.1261 0.482 
0.467 0 0165 0 0 15-1 0..179 0.819 0.0667 0.1216 0.449 
0491 0 010L 0 0·137 0.·160 o. 51 0.0587 0.1180 0.424 
0.51 0.03-17 OO tl 0..130 0.902 0.0457 0.1119 0.368 
Run: 1916dvu Run: 1926dvu 
Patch at 0.75R = 15 deg Pitch at 0.75R = 2 deg 
Average RPM: 7016 Average RPM: 4003 
J Cr Cp '7 J Cr Cp f1 
0.43 0.05·10 0.0 170 0 503 0.767 0.0774 0.1268 0.468 
0.467 0 01 2 0.0155 0. 19·1 0. 09 0.0675 0.1235 0.442 
0.191 0.0·111 0 0·136 0.469 0.84 0.0586 0.1199 
0.414 
0 51·1 0 0369 0 0123 0 14 0.902 0.0441 0.1 128 
0.352 
0 511 0 0312 0 0-109 0.413 0.937 0.0352 0.10 1 
0.305 
0.565 0 02 15 0 03 5 0. 360 1.001 0.0179 0.0991 
0.181 
0 590 0.0179 0 0363 0.290 1.030 0.0086 0.0945 
0.094 
0.61 7 0 0107 0 0339 0. 195 1.089 -0.0082 
0.0846 -0.106 
0.6·16 0 0032 0 03 12 0.066 1.113 -0.0147 0.0809 
-0.202 
0.675 
-0 0015 0.02 6 -0.106 1.171 -0.0314 
0.0705 -0.521 
0 69 
-0.0111 0.026 1 -0.306 1.226 -0.04 2 
0.0597 -0.9 9 
0.722 
-0 0179 -0.540 1.265 -0.0614 
0.0515 -1.509 
0.0239 
0 745 
-0.02·11 1.312 -0.07 0 
0.0412 -2.4 6 () 0217 -0. 29 0.0305 -4.230 0.775 
-0 0335 1.363 -0.094 0.01 I -1.113 0.0211 -7.303 0 799 
-0.0 11 0 0.015 -2.075 1.403 -0.1097 0.0106 -17.509 0. 21 
-0.017 0 013 1 -2.921 1.451 -0.127 0.0105 -1 7.532 
0. 20 
-0 017 0.0 136 -2. 95 1.450 
-0.1275 
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Run : 1927dvu Run: 1929dvu 
Pttch At 0 75H = 2 cieg Pitch at 0.75R = 28 deg 
Average RP~1 5020 Average RPM: 6014 
J Cr c,. TJ J Cr Cp 1'/ 
0.116 0 1512 0 1·132 0.1 51 0.12·1 0.1559 0.1484 0.130 
0 1 5 0.1513 0 .112·1 0 100 0.150 0.1536 0.1459 0.158 
0 214 0.1·196 0.1103 0 22 0.181 0.1530 0.1449 0.191 
0250 0.1175 0.13 5 0 266 0.210 0.1512 0.1427 0.223 
0.2 5 0 1152 0 1366 0 303 0.239 0.1496 0.1411 0.253 
0 323 0.1 130 0.135 1 0 3 11 0.270 0.1475 0.1394 0.285 
036 i 0 1397 0.13·11 0.3 0 0.302 0.1454 0.1378 0.319 
0 lOO 0.1366 0 1333 0.4 10 0.332 0.1435 0.1368 0.348 
0 t36 0.1335 0.1327 0 139 0.362 0.1413 0.1359 0.376 
0.172 0.1301 0.1328 0 163 0.392 0.1384 0.1351 0.402 
0 506 0.1255 0 1316 0 I 2 0.421 0.1355 0.1343 0.425 
0 514 0.1230 0.1333 0 502 0.450 0.1333 0.1343 0.447 
0 583 0.1 1 6 0.133 0 516 0.4 5 0.1295 0.1337 0.470 
0 616 0 1123 0.1325 0 522 0.513 0.1266 0.1340 0.484 
0 6·1-1 0.10•15 0.1291 0.520 0.542 0.1235 0.1343 0.498 
0690 0.1016 0.132 0 52 0.573 0.1199 0.1344 0.511 
0.721 0.0!)55 0.1317 0523 0.604 0.1160 0.1349 0.520 
Run : 192 dvu Run: 1939dvu 
Pitch at 0.75R = 28 deg Pitch at 0.75R = 2 deg 
Average RPM: 5022 Average RP?\.1: 6016 
J Or Cp TJ J Cr Cp 1'/ 
0 613 0.1126 0 133 0.515 0.510 0.12 0.1353 0.486 
0 6-17 0.105·1 0.1322 0 516 0.540 0.1260 0.135 0.501 
06 6 0.100·1 0 132 0 519 0.575 0.1225 0.1364 0.516 
0.720 0.093, 0.1311 0 513 0.602 0.1177 0.1353 
0.524 
0.75tl 0.0 6·1 0 1299 0 502 0.635 0.114 0.1368 
0.533 
0.792 0.07 6 0 1279 0 I 7 0.662 0.1090 0.1355 
0.532 
0. 26 0.0655 0 121 0 ·11-1 0.695 0.1039 0.1361 
0.530 
0. 69 0.0593 0 1215 0 124 0.72-t 0.09 4 0.1354 
0.526 
0. 93 0.05 13 0 11 72 0 391 0.75-1 0.0922 
0.1340 0.519 
0 910 0.0382 0 1132 0 317 0.7 3 0.0 63 
0.1323 0.511 
0.972 0 0277 0 1062 0.254 0.809 0.07 2 
0.1291 0.490 
1.00 0 0203 0.849 0.0705 
0.12 0 0.467 
0 1033 0.199 
10·12 0 0092 o. 70 0.061 
0.1231 0.437 
0 0957 0.100 0.1222 0.417 1.0 
-0.0023 0.0903 -0.02 0.902 0.0564 
1.112 0.935 0.0491 
0.119 0.383 
-0.00 9 0.0 62 -0.115 0.1150 0.339 
l 160 
-0.023·1 0 0773 -0.352 0.962 
0.0405 
0.1126 0.294 
I 197 
-0.03·1 0.0703 -0 592 0.995 
0.0332 
1 217 1.01 0.0249 
0.1077 0.235 
-0.0411 0 0662 -0.756 0.0174 0.1044 0.175 I 269 
-0 05 () 0 0552 -1.331 1.050 1.074 0.010.1 0.1002 0.112 
1.112 -0.0025 0.0920 -0.030 
1.149 -0.012 o.o 65 -0.170 
1.169 -0.01 7 0.082 -0.264 
1.201 -0.029 0.0745 -0.4 0 
160 
I 
Run 195·1dvu Run: 1956dvu 
P1tch at 0 75R = ~ d<•g Pitch at 0.75R = 4 deg 
A\-rrage RP~t : 1010 Average RPM: 6006 
J Cr Cp 11 J Cr Cp ,., 
0175 00106 0 .0121 0.153 0 122 O.Dl73 0.0124 0.170 
0219 0.0053 00116 0 100 0.147 0.0148 0.0122 0.179 
0 26'2 -0 0001 0 OliO -0 001 0.175 O.Dll8 0.0119 0.173 
0.303 -0 0059 0 010 1 -0 173 0.210 0.0077 0.0116 0.139 
0353 -0.0132 0 0095 -0 190 0.240 0.0040 0.0112 0.086 
0.4 -0 0213 0 ()() 7 -0 999 0 274 -0.0006 0.0107 ..{).017 
0447 -0 0271 0 ()() 1 -1493 0.299 -0.0040 0.0104 -0.114 
0400 -0.0336 0 0071 -2 23 1 0.327 -0.0084 0.0098 -0.281 
0191 -0.033 0 0071 -2 237 0.369 -0.0149 0.0090 -0.607 
0 491 -0 033 0 0071 -'1.237 0.3 9 -0.0177 0.0088 ..{).779 
0491 -0.0338 0 0071 -2.237 0.386 -0.0175 0.0087 -0.776 
0491 -0.033~ () 007 1 -2.237 0.386 -0.0175 0.0087 -0.776 
0 ~91 -0 033 0 0071 -2 .237 0.386 -0.0175 0.0087 -0.776 
0.191 -0.033 0 007·1 -2.237 0.3 6 -0.0175 0.00 7 -0.776 
0491 -0.033 0 007·1 -2 .237 0.386 -0.0175 0.0087 -0.776 
0.491 
-0 033 0 007 1 -2.237 0.386 -0.0175 0.0087 -0.776 
0.491 
-0.033 0 0071 -2.237 0.386 -0.0175 0.00 7 -0.776 
Run: 1955dvu Run: 1958dvu 
Pitch at 0 75R 4 d('g Pitch at 0. 75R = 4 deg 
Average RP~I 5000 A \"Crage RP~J: 7025 
J Cr c, '1 J Cr Cp 
,., 
0 113 0 0142 0.0123 0 164 0.099 0.0209 0.0126 0.164 
0.179 0 0105 0 0121 0 156 0.125 0.01 5 0.0125 0.1 4 
0.213 0 0066 0.0117 0.120 0.151 0.0156 0.0122 0.193 
0 2·16 00025 0 01 13 0 055 0.176 0.012 0.0120 0.1 
0284 
-0 0026 0 010. -0 069 0.205 0.0092 0.0116 0.163 
0 326 
-0 00 6 0.0101 -0 279 0.232 0.0058 0.0112 
0.120 
0358 
-0 0135 0 0095 -0 511 0.257 0.002-t 0.0109 
0.057 
0399 
-0 0197 0 00.1{ 
-0 95 0.2 2 -0.0012 0.0105 
-0.032 
0432 
-0 0247 0 00 3 - 1 27 0.30 -0.0051 0.0100 
-0.158 
0465 
-0 029 0.0077 -1 799 0.333 -0.0090 
0.0095 -0.316 
0.506 
-0 0363 
-2 606 0.35 -0.0131 0.0090 
-0.519 
0.0070 
0.537 
-0.0·11 5 0.3 3 -0.0170 0.00 6 
-0.759 
0 0065 -3 112 
0537 
-0 011 5 0.40 -0.0211 0.00 2 
-1.05-t 
0.0065 -3. 113 
0.537 
·0 011 5 0.433 -0.0253 
0.007 -1.414 
0 0065 -3 113 
-0.0295 0.0074 -1. 33 0537 
-0 0·11 5 0.0065 -3 113 0.45 
-0.0345 0.0068 -2.457 0537 
-0 011 5 0.0065 -3 113 0.4 7 
0.537 0.512 -0.0391 0.0064 
-3.127 
-0 0 11 5 0.0065 -3 413 
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Ruw 1061dvu Run: 1963dvu 
P1tch at 0. 75H = I G d 'g Pitch at 0.75R = 16 deg 
A' •rage HP~l 1009 Average RPM: 5003 
J CT Cp TJ J G-r Cp '1 
0.176 0 <k1 13 0 01 7 0305 0.600 0.0190 0.0358 0.319 
0.221 0 0 13 0.0199 0.366 0.642 0.0108 0.0323 0.216 
0.2' 0 0753 0.0-19 0.405 0.673 0.0036 0.0286 0.085 
0 311 0.0691 0.0199 0.433 0.712 -0.0037 0.0255 -0.102 
0 351 0.0623 0.01 0.451 0.751 -0.0116 0.0222 -0.392 
04 0 0511 0.0170 0..172 0.775 -0.0169 0.0202 -0.649 
0.413 0.0.1"13 0.0151 0.474 0. 19 -0.0271 0.0161 -1.377 
0.191 0.037 0.04 12 0 453 0. 55 -0.0353 0.0127 -2.384 
0 5-H 0 02 I 0 03 2 0 400 0. 9 -0 0452 0.0083 -4.912 
0.577 0.0211 0.0351 0 347 Run: 1964dvu 0.631 0.0121 0 0314 0 249 Pitch at 0.75R = 16 deg 0.660 0.0061 0.02 3 0 150 A ,·erage RPM: 5997 0 721 -0 0011 0.0215 -0 129 J Cr Cp 11 0.741 -0 0097 0 021 -0 331 0.118 0.0 90 0.0468 0.225 0. 06 -0.0225 O.Ql73 -1.050 0.146 0.0876 0.0473 0.271 0.8-19 -0.031 0.0131 -2 060 0.17 0.0 53 O.Q..l 0 0.317 0. 84 -0 0.10 0.00 7 -4 133 0.207 0.0 32 0.0485 0.355 
0.236 0.0 01 0.0485 0.390 
0.270 0.0776 0.0494 0.425 
0.301 0.0745 0.0498 0.450 
11 0.331 0.0710 0.0501 0.469 
0.141 0 253 0.361 0.0672 0.0501 0.4 4 
0.179 0.0 2 0 30-1 0.3 9 0.0622 0.0494 0.4 9 
0.214 0 0 01 0 350 0.420 0.0579 0.0491 0.495 
0 254 0.0773 0 39-1 0.450 0.052 0.04 1 0.495 
0 2 5 0.07·10 0 0502 0 ·120 0.47 0.0476 0.0466 0.4 
0.325 0.06 1 0 0501 0.443 0.505 0.0420 0.044 0.473 
0 363 0.0610 0 050-1 0.460 0.53 0.0349 0.0424 0.443 
0 397 0.05 I 0.0191 0 467 0.56 0.02 5 0.0400 0.404 
0.431 0.05 1 0. 167 0.594 0.0231 0.037 0.363 0.0 17 
0 466 0 0 115 0 0151 0 159 Run: 1965dvu 
0 501 0.03 7 0 0·134 0.4·17 Pitch at 0.75R = 16 deg 
0 539 0 0320 0 0109 0.421 Average RP~I : 6017 
0 576 0 02 17 0 03 0 0.374 J Cr Cp fJ 
0 605 0.0191 0 0356 0.325 0.505 0.0414 0.0447 0.468 
0 617 0 0103 0 03 1 0.210 0.534 0.0357 0.0427 0.446 
0 677 0.00 10 0 0290 0.093 0.559 0.0307 0.0408 0.420 
0.715 
-0.00 15 0 02•17 -0.131 0.595 0.022 0.037 0.359 
0.623 0.0159 0.03-16 0.2 7 
0.6·17 0.0113 0.0329 0.222 
0.686 0.002 0.0292 0.066 
0.712 -0.0036 0.0257 -0.100 
0.740 -0.0081 0.0244 -0.246 
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• 
Run 1966dvu Run: 1947dvu 
P1tch at 0 75R 16 deg Pitch at 0. 75R = 38 deg 
1\\ rar, RP~t 7036 Average RPM: 4021 
J CT Cp '1 J Cr Cp 11 
0 102 0 09 15 0 0160 0.202 0.177 0.0995 0.1336 0.132 
0 125 00904 0 016 1 0 24~ 0.220 0.0997 0.1343 0.164 
0.151 0.0 90 OO JG 0.2 0.262 0.0963 0.1303 0.194 
0 176 0 0173 0 326 0.308 0.0961 0.1302 0228 
0202 00-17 0 363 0351 0.0943 0.1285 0 258 
022 0 01 3 0 397 0.407 0.0918 0.1249 0.299 
0.256 0 0.1 7 0 129 0.449 0.0 97 0.1232 0.327 
0 2 I 0 0191 0 156 0.483 0.0849 0.1173 0.350 
0306 0 0771 0 019 1 0.-17 0.53 0.0826 0.1158 0.384 
0 332 0 0739 0 0496 0.191 0.583 0.0807 0.1153 0.408 
03 00706 0 049 0.507 0 626 0.0775 0.1142 0.425 
0. 3 00673 0 O.t9 0.517 0.672 0.073 0.1136 0.437 
0.105 0.0636 0 0197 0.519 0 714 0.0699 0.1131 0.442 
0 130 00596 0 0191 0.519 0 760 0.0661 0.1141 0.440 
0.459 0 05·15 0 01 5 0.516 0.7 5 0.0584 0.1092 0.420 
0.1 4 0 0179 0 0172 0 .·191 0.842 0.0530 0.1114 0.401 
0508 0 0125 0 0156 0.·175 0. 96 0.0453 0.1117 0.364 
Run: 1967dvu Run: 1948dvu 
Pitch at 0 75R = 16 deg Pitch at 0.75R = 38 deg 
A\erage RP~t 7021 Average RPM: 4036 
J Cr Cp 1J J Cr Cp fJ 
0.430 0 0.596 0 019-t 0 51 0.755 0.0653 0.1144 0.431 
0.154 00550 0.01 6 0 511 0. 04 0.0593 0.1140 0.41 
0.4 1 0 01 3 0 )175 0 193 0. 47 0.0512 0.111 0.38 
0497 0.0106 0 0137 0 463 0. 7 0.0425 0.108 0.346 
0.53 0 0365 0 013' 0. 149 0.922 0.0334 0.1056 0.292 
0.559 0030 00 113 0 117 0.97 0.0266 0.1075 0.242 
0.5 9 00260 0 0 100 0 3 2 1.017 0.0150 0.1023 0.149 
0612 0 0201 0 0375 0333 1.043 0.0066 0.0968 
0.071 
0 632 0.0161 0 0357 0 2 I 1.092 -0.0066 0.0 93 
-0.080 
0.661 0 0099 0 0330 0. 197 1.163 -0.0202 0.0840 
-0.280 
0692 00032 oo:wo 0 074 1.195 -0.0265 0.0819 
-0.386 
0 717 
-0.0020 0 0277 -0 053 1.210 -0.037 
0.06 2 -0.670 
0.7•11 
-0 0075 -0.221 1.295 -0.0517 0.0658 
-1.017 
0 0253 
0.761 
-0 01 23 1.343 -0.0639 
0.0579 -1.4 2 
0 0232 -0 10·1 
0 793 
-0.01 9 1.392 -0.0766 
0.0500 -2.132 
0 0200 -0 747 
-2.909 
0. 16 
-0.02·13 0.0177 - 1.126 1.405 -0.0 44 
0.0408 
0.034 -4.276 0. 37 
-0.0292 0.0153 - 1.596 1.4 0 -O.JOO.t 0.031 -4 .950 0. 69 
-0.0371 0 011 -2.750 1.499 -0.1050 . . 306 
0. 90 0.0·127 0.0095 -4 .010 1.539 -0.11 2 
0.0219 
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Run l!) l9dvu Run: 1951dvu 
P1tch at 0. 75 H 3 dt>g Pitch at 0 75R = 38 deg 
A\'eragl' RP!\1 · 5025 Average RPM: 6018 
J Cr Cr 11 J Cr Cp 1'/ 
0113 0 10:30 0 1:~65 0.10 0.119 0.1028 0.1364 0.089 
0173 0 lOll 0 1:316 0.130 0.147 0.1030 0.1369 0.111 
0 212 0 1014 () 1319 0.159 0179 0.1022 0.1359 0.134 
0247 0 100 I () 1 :~:~5 () 1 6 0.207 0.1017 0.1353 0.155 
02 009:-i7 0 1311 0.216 0.237 0.1004 0.1336 0.178 
0 322 O.OCJ71 0 1293 0.2·12 0 267 0.0993 0.1318 0.201 
0357 O.OH:>5 0.1 '272 0.26 0.300 0.0977 0.1299 0.225 
0 397 0 0913 0 12;/h 0 29 0.32 0.0964 0.1284 0.246 
0 427 0 092 ' 0 1212 0 319 0.358 0.0954 0.1270 0.269 
0.16-S 0 0907 0.1219 031. 0.387 0.0944 0.1256 0.291 
0 504 0.0 7 0 1197 0 371 0.416 0.0935 0.1241 0.313 
0 5.35 0 0:"1(}2 0 11(;6 0 396 0.44 0.0914 0.1216 0.337 
0570 0.0 t 1 0 115 t 0 115 0.479 0.0900 0.1200 0.359 
0608 00 27 0. 115 0 135 0.503 0.0883 0.1177 0.377 
0635 0 0799 0 1111 0 115 0.533 0.0 74 0.1173 0.397 
0 672 0 0777 0 1115 0 456 0.562 0.0 55 0.1158 0.415 
0 709 0.0732 0 1131 0 ·159 0.591 0.083 0.1150 0.431 
Run. 1950dvu Run: 1952dvu 
P1tch 1\t 0 75H = 3~ deg Pitch at 0.75R = 3 deg 
AH!rll.ge HP~I 50:?2 Average RP~l : 6020 
J lf' Cp J Cr Cp '1 
0 600 0 07!)7 0 111·1 0.50-1 0.08 7 0.11 9 0.376 
0 632 0.07{)3 () 1121 0.539 0.0869 0.1173 0.399 
0 670 0 0716 0 11:32 0..1 12 0.562 0.0853 0.1159 0.414 
0.716 0.0713 0.11:19 0.·1·1' 0.589 0.0 27 0.1138 0.428 
0 7·11 0.0677 0 1126 0 ·1•15 0.622 0.0817 0.1147 0.444 
0.792 0.06:!0 OILW 0 139 0.655 0.0791 0.1139 
0.455 
0 27 0 05~0 0 J 1:11 0 123 0.679 0.0767 0.1137 0.45 
0. 57 0 05.!9 0.11:33 0 10 0.710 0.0737 0.1136 
0.461 
0. 7 0 OIMO 0.1113 0 3 3 0.744 0.0701 0.1133 
0.460 
0 933 0 0 120 0.1119 0 350 0.771 0.0661 
0.1122 0.454 
0 9'i9 o.o:no 0 320 0. 02 0.062 
0.1129 0.446 
0.1107 
09 9 0 0277 0. 32 0.0583 
0.1129 0.429 () 1065 0 25 0.112 0.414 I 029 0.0220 0 1069 0 212 o. 61 0.0543 
I 073 0 0111 0. 93 0.04 4 
0.1117 0.3 7 
0 1026 0 116 0.1121 0.367 1.! II 0 0018 0 0983 0 020 0.920 0.0147 0.1113 0.334 1.121 
-0 0016 0 09:31 -0.056 0.956 0.03 9 
I 171 0.9 3 0.0340 0.1105 
0.302 
-0 01()2 () 0882 -0.2 15 0.25 
I 200 1.013 0.0279 0.109·1 
-0 0227 () 08 14 -0.322 0.1068 0.214 
I 250 1.035 0.0221 
-0 0:$·11 0 078 1 -0.5 11 0.1041 0.161 
I 275 1.059 O.Dl5 
-0 0 105 0 07 17 -0.691 0.1022 0.091 
I 32:3 
·0.05.31 0 ()(i(.i I - 1 064 1.095 
o.oo ·I 
0.01 1.126 0.0016 0.099-! 
1.156 -0.0051 0.0973 -0.061 
1.11 -0.0115 0.0940 
-0.145 
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Ram r Tochnik + D(":,ign 
,vioPROP 
.90 
r 5 31 5 33 
Run I ilhU Run: 1971dvu 
Pilch a\ 0 7SH = 5 dt• • Pitch at 0.75R = 5 deg 
'Vff t> RP~1 IOJ:J Average RPM: 6024 
J Cr c,. 'I J Cr Cp f} 
om 001 00157 0 I 9 0.109 0.0262 0.0160 0.178 
OJ 0 0126 0 01 t 0 169 0.132 00229 0.0155 0.196 
0249 00061 0 0117 0 1().1 0162 0.0202 0.0157 0.210 
02'9 -0 0000 0 0112 -0 000 0.1 0.0170 0.0154 0.207 
Q.320 -0 0055 0 01.\3 -0 133 0.215 0.0132 0.0151 0.188 
0.363 -0.0123 0 012 -0 3t7 0.242 0.0087 0.0143 0.147 
04~ -0 0202 0 0121 -0 6 5 0.271 0.0049 0.0143 0.092 
0.44 -0 02 6 0 011 j' -1 016 0.29 0.0005 0.0139 0.010 
04 -0 0335 0 010!) -1 199 0.324 -0.0038 0.0135 -0.092 
0.529 -0 ().11 0 OOCJ~ -2 260 0.349 -0.0087 0.0127 -0.238 
0566 ·0 0.1 I 0 OOCJ2 ·2 97CJ 0.3 2 -0.0136 0.0126 -0.412 
0614 -0 05i7 0 00 I - I :J 0.407 -0.01 0 0.0121 -0.606 
0647 -0 OG14 00072 -5 763 0.434 -0.0229 0.0115 -0. 64 
0647 -0 0646 00072 -5 2:J 0.463 -0.0277 0.0112 -1.149 
0&47 -0 0616 0 0072 -5 23 0.4 4 -0.0314 0.0108 -1.412 
064i' 
-0 0646 000i2 -5 2:J 0.513 -0.0369 0.0102 -1. 60 
O&ti' -0 0&16 0 0072 
-5 ' 23 0.513 -0.0369 0.0102 -1. 62 
Run 1970dvu Run:1972dvu 
P1tch at 0 75R = 5 dt·g Pitch at 0.75R = 5 deg 
Average RP.\1· 5026 Average RPM: 7007 
J c1 cl' ,, J Cr Cp fJ 
012 0.0230 0.015CJ 0.1 5 0.092 0.0304 O.ot64 0.171 
0159 00192 0 0155 0 197 0.117 0.027 0.0162 0.200 
0193 0.0152 0 0152 0 193 0.139 0.0251 0.0161 0.21 
0226 0.0112 0 015 1 0 167 0.161 0.0219 0.0157 0.224 
0 2)4 0.0069 0 01 16 0 121 0.1 4 0.01 0.0155 0.223 
02()0 0.0003 0 0112 0.007 0.211 0.0151 0.0153 0.209 
0.322 
-0.0013 0 OI:J5 -0 101 0.233 0.0114 0.0149 0.17 0 • 
-000,)6 0 OI:J2 -0 261 0.257 0.0079 0.0146 0.139 
0391 
-0.0160 0 0126 -0 502 0.2 0 0.0041 0.0143 
0.080 
041 
-0.0200 0 0120 -0 699 0.30·1 0.0001 0.0139 
0.002 
0455 
-0 0259 0.0115 I 019 0.325 -0.0037 0.0134 
-0.089 
04 6 
-0.0321 0 010 0.350 -0.0077 0.0131 
-0.205 
- 1 151 0.0126 -0.33 0519 
·0.03 1 0.0102 0.369 -0.0115 - 1 931 0.0123 -0.500 0552 
·0 011-1 0 0091 -2 622 0.395 -0.0156 
0583 
·0.0501 0.420 -0.0201 0.0119 
-0.714 
0 00 ~ 3 J22 
0620 
-0.057·1 0.443 -0.0243 0.0114 
-0.9-11 
0 0079 I 101 0.0110 -1.1 5 0612 
-0.0620 0.007:! -5 13 0.465 -0.02 1 
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Run. 197 1dvu Run: 1976dvu 
P1tch at 0 75R 21 dcg Pitch at 0.75R = 21 deg 
,\ \'"E'ragt' RP ~ f · 300 Average RPM: 5019 
J Cr Cp TJ J Cr Cp 1J 0.21 1 00927 0.0716 0 27 0.131 0.1024 O.o708 0.189 
0266 00905 0 0716 0 336 0.160 0.1012 0.0702 0.231 
0 316 0 0, 52 0 0701 0 3 4 0.192 0.1002 0.0696 0.276 
0 369 0 0 01 0 0700 0.424 0.225 0.0988 0.0693 0.321 
0 432 00716 0.0702 0.459 0.257 0.0972 0.0691 0.362 
0 1 t 00662 0.0679 0.472 0.294 0.0954 0.0693 0.405 
OM 0 0552 0 0639 0.173 0.326 0.0934 0.0695 0.438 
0 0 ().15 0 05 9 0.457 0.359 0.0913 0.0698 0.469 
0659 0.0332 0 0533 0.410 0.392 0.0882 0.0697 0.495 
0 701 0 0215 0 04 0.352 0.420 0.0855 0.0698 0.514 
0.764 0 0112 0 0·11 ·1 0.206 0.456 0.0814 0.0695 0.535 
o. 21 0 0005 0 0361 0.010 0.4 7 0.0774 0.0689 0.547 
0. 77 -0 0135 0 0295 -0.401 0.523 0.0720 0.06 0 0.554 
0.921 -0 0237 0.0237 -0 920 0.550 0.0675 0.0671 0.554 
0975 -0 03 0 0 016 1 -2.260 0.578 0.0622 0.0657 0.548 
1.040 -0 0553 0 0071 - .059 0.615 0.0543 0.0631 0.529 
1.040 -0.0551 0.0071 - .034 0.639 0.0475 0.0598 0.507 
Run: 1975dvu Run: 1977dvu 
P1tch at 0 75R 21 deg Pitch at 0.75R = 21 deg 
Average RP~I 1011 Average RPM: SOli 
J Cr Cp 1] J Or Cp f'J 
0.162 0.09 I 00721 0.220 0.544 0.0638 0.0660 0.526 
0.199 0 0965 0 0713 0.269 0.581 0.0595 0.0657 0.526 
0.241 0.0917 0.070 0.322 0.613 0.0502 0.0624 0.493 
0 279 0.0922 0.0705 0.365 0.64 0.0438 0.0602 0.472 
0323 0.0900 0 070 0 110 0.681 0.0357 0.0564 0.431 
0366 0.0 73 0 070 0.452 0.711 0.02 9 0.0532 0.386 
0.411 0.0 26 0 0707 0.1 0 0.749 0.0193 0.0484 0.298 
0.451 0.0776 0.070 1 0.500 0.7 3 0.0112 0.0441 0.19 
0.4 0.0721 0 06 7 0.512 o. 16 0.0027 0.0395 0.056 
0.526 00669 0 067 0.520 o. 34 -0.0017 0.0373 -0.037 
0.574 0 0570 0 0616 0.506 0. 4 -0.0145 0.0300 -0.427 
0.602 0 0509 0 0625 0.490 0. 99 -0.01 0 0.02 1 -0.576 
0655 00386 0.'146 0.947 -0.0310 0.0213 
-1.381 
0 0567 0.0166 -2.323 0.696 0 0292 0 0520 0.391 0.97 -0.0395 
-4.205 0 737 0.0199 0 0 173 0.3 10 1.011 -0.0491 0.011 0.0071 - .462 0.772 0 0 115 0.0130 0.207 1.042 -0.0579 
-8.491 0.811 0 0029 () 03 5 0.060 l.0-13 -0.05 0 0.0071 
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Run 19i d\u 
P1tch l 0 75H - 21 dcg 
• RP~t 6001 
01 
0135 
0160 
0192 
Cr 
0 1009 
01000 
0 099ti 
0 09 5 
0 21 0 0976 
0 245 0 0965 
0 273 0 0919 
0 0707 
0 0700 
0 94 
0 301 0 09:3 ll 0692 
0 327 0 092 1 0 0696 
0 :155 0 0900 () 069fi 
0 2 0069 
0 09 0 0702 
O.t37 0 070.2 
0 460 0 0697 
04~5 0 0695 
0 516 0 0730 0 001'1 
0.5-11 0.069 0 06 3 
Run: 1979dvu 
P1tch at 0 .75R = 21 deg 
Average RP~t · 601 1 
J Cr 
0.456 0 0761 
01 4 0 073:3 
0 1 t 0 0633 
0 53 0 0661 
0563 0 0627 
0 9 0.0579 
0.599 0 0~ 2 
0 616 0.0 166 
0 GG 0 0107 
0 0696 
() 069 1 
0 0623 
0 06 2 
0 067 1 
0 0663 
() 0599 
() 062 1 
0.059 1 
0 701 0 03 18 0.0570 
0 733 0 0269 
0 7&1 0 0220 
07 00135 
0. 0 0 00 0 
0 10 0 000:3 
0 64 0.0002 
0 95 0 0118 
0.015 ·0.0202 
() 053') 
0 0507 
() 0 162 
0.0132 
() 03 5 
0 0353 
0 0301 
() 0275 
0 01 0 0296 () 0225 
0 970 0 0379 0 0 I I 
T} 
0. 15-1 
0.103 
0 229 
0.275 
0 310 
0 313 
0.377 
0..1 
0 431 
0 459 
0 1 0 
0 199 
0 516 
0 529 
0 539 
0.5 1 
0.553 
0.500 
0 512 
0 192 
0 523 
0 523 
0 5 14 
0 I 1 
0 I 3 
0 457 
0 12 
0 369 
0 32 
0 230 
0. 150 
-0 007 
-0.151 
-0. 13·1 
-0 072 
- I 2 1 
-2.015 
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Run- 2018dvu 
Pitch at 0.75R = 39 deg 
Average RPM: 4007 
J Cr Cp 
0 168 0.1292 0.1909 
0.202 0.129 0.1921 
0 241 0.1260 0.1870 
0 2 8 0.1268 0.1887 
0.326 0 1231 0.1843 
0 365 0.1216 0.1831 
0411 0.1227 0.1857 
0451 0.1209 0.1 38 
0.495 0.1207 0.1 45 
0.537 0.1176 0.1822 
0.570 0.1133 0.1779 
0 615 0.1114 0.1779 
0 650 0.1067 0.1739 
0.683 0.1034 0.172.3 
0.713 0.0955 0.164 
0.77 0.0960 0.1724 
0.799 0.0900 0.1671 
Run: 2019dvu 
Pitch at 0.75R = 39 deg 
Average RPM· 4026 
J Cr Cp 
0 695 0.0958 0.1745 
0 740 0.0929 0.1758 
0 779 0.08 9 0.1750 
0 795 0.0 20 0.1676 
0. 44 0.0797 0.1707 
0. 2 0.0756 0.1703 
0.926 0.0723 0.1723 
0.960 0.0663 0.1691 
0.991 0.0592 0.1638 
1.0.19 0.0563 0.1694 
1.070 0.0477 0.1606 
1.129 O.Q.t51 0.1671 
1.143 0.0375 0.15 
1.227 0.0233 0.1567 
1.239 0.0168 0.1491 
1.30 0.0146 0.1595 
1.334 0.0066 0.1 52 
1.349 0.0005 0.1474 
1.416 -0.0130 0.1419 
1.452 -0.0196 0.1403 
1.507 -0.0344 0.1 307 
1.530 -0.0·11 2 0.1265 
1.5 0 -0.0561 0.1 151 
1.625 -0.069 1 O.I0-1.5 
0.114 
0.137 
0.162 
0.194 
0.218 
0.243 
0.271 
0.296 
0.324 
0.347 
0.363 
0.385 
0.399 
0.409 
0.413 
0.433 
0.430 
TJ 
0.3 1 
0.392 
0.396 
0.389 
0.394 
0.392 
0. 
0.376 
0.35 
0.349 
0.31 
0.305 
0.270 
0.1 3 
0.140 
0.119 
0.057 
0.004 
-0.130 
-0.203 
-0.397 
-0.49 
-0.770 
-1.080 
Run· 202<Xh u 
P1~ch at 0 75H = 39 dPg 
Average RPM· 502:.? 
J C1· c,. ,, 
0132 0.12, 7 0 1951 0.0 7 
0160 0 1299 0 197:J 0 105 
019 01305 0 19~5 0 130 
022 0 1305 0 1992 0.119 
0257 0.12 I 0 1962 0.168 
0295 0 12 :J 0 196)'\ 0 192 
0325 0 12b6 0 195.J 0.211 
0 0 12 t9 0 1931 0 231 
0 390 0 1239 0 192 0 250 
0.426 0 1227 0 1911 0 273 
04 0.1215 0 1900 0.293 
04 5 0 11 I 0 I 0.310 
0509 01155 0 I 0 323 
0550 0.1159 0 1 0.315 
05S2 0 1112 0 I 0.361 
0 617 01106 0 1~17 0 :J76 
0643 0 1063 0 1177 0.3 5 
Run· 202Jdvu 
Pnch at 0. 75H = 39 oPg 
Average RPM: 5037 
J c] c,. rJ 
0 547 0.1121 0 I 26 0.336 
0.577 0.1090 0 1799 0.350 
0616 0 1062 0 1 7S6 0 366 
0&17 0 1010 0 17 0 0 37 
0685 01000 0 1763 0.3 
0.717 0.0971 0 1761 0.396 
0 711 0 0917 0 1712 0 397 
0.775 0.0 91 0 171 0 .J02 
0. 13 0.0 61 0 1732 0 106 
0. 41 0.0 20 0 !70S 0.·104 
0. 79 0 0791 0 171 0 105 
0.900 0 0736 0 1671 0 396 
0.935 0 0701 0 1671 0 392 
0.974 00672 0 1691 0 3 7 
1009 0 0611 0 1700 0 3 0 
I 029 0.05 1 0.1650 0.361 
1074 0 0555 0 1686 0.35 1 
I 000 0 019 () 163') 0 332 
I 12 0 0159 0 1615 0 315 
I 166 0 0112 0 16 Hl 0 292 
I 201 0 035() () lG 12 0.260 
1.225 00299 0 I ()()9 0 228 
1.255 0 0251 0 .1600 0. 197 
1 280 0 0193 0 156(i 0 157 
16 
Ramoser Technik + Design 
varioPROP 
9.7SG 
Ftgs 5 36 53 
Run 1995dvu Run: 1997dvu 
P1tch at 0 75R = 2 deg Pitch at 0.75R = 2 deg 
Average RP t-.1· 3017 Average RPM: 5002 
J c1 Cp TJ J c1 Cp TJ 
0.195 0 0063 0.0240 0.051 0.120 0.0201 0.0247 0.097 
0 2 15 0 0002 0.0249 0.002 0.147 0.0169 0.0249 0.100 
0 296 -0 0073 0.0248 -0.088 0.179 0.0131 0.0252 0.093 
0.345 -0 0 158 0.0247 -0.221 0.208 0.0091 0.0251 0.076 
0.396 -0 0249 0.0240 -0.410 0.240 0.0046 0.0253 0.044 
04 16 -0 0349 0.0232 -0.670 0.272 -0.0004 0.0253 -0.004 
0 503 -0 0-179 0.0218 -1.104 0.302 -0.0050 0.0253 -0.060 
05·15 -0 0568 0.0208 -1.487 0.332 -0.0101 0 .0252 -0.133 
059 -0 06 7 0.0196 -2.096 0.361 -0.0154 0.0250 -0.222 
0.6 1 -0 078 0.0185 -2.755 0.390 -0.0211 0.0245 -0.335 
0 693 -0 0900 0.0171 -3.656 0.418 -0.0268 0.0240 -0.466 
0 739 -0.100 0.0159 -4.697 0.446 -0.0329 0.0235 -0.625 
0. 02 -0 1172 0.0137 -6.851 0.480 -0.0407 0 .0227 -0 .860 
0840 -0 1255 0.0127 -8.293 0.507 -0.0464 0.0222 -1.062 
0.8·12 -0 1261 0 0127 -8.344 0.535 -0.0527 0 .0215 -1.311 
0. 42 -0 1261 0.0127 - .344 0.535 -0.0527 0.0215 -1.313 
0. 42 -0.1261 0.0127 -8.344 0.535 -0.0527 0 .0215 -1.313 
Run· 1996dvu Run: 1998dvu 
Pitch at 0. 75R = 2 deg Pitch at 0. 75R = 2 deg 
Average RP~1 : 4027 Average RPM: 5977 
J Cr Cp T} J Cr Cp TJ 
0. 116 0.014 1 0.0246 0 .083 0.101 0.0243 0 .0243 0.100 
0. 181 0 0099 0.0249 0 .072 0.123 0.0222 0.0248 0. 110 
0 218 0 0050 0.0249 0 .0-14 0.149 0.0193 0.0251 0.115 
0.256 -0.000-t 0.0250 -0.004 0.174 0.0162 0.0253 0.112 
0.293 
-0 006 1 0 .0250 -0.071 0.199 0.0130 0.0254 0.102 
0.335 
-0.0 130 0.0248 -0.176 0.22 0.0090 0.0256 0.080 
0.377 
-0.0217 0.0242 -0 .339 0.253 0.0052 0.0257 0.051 
0 110 -0.0284 0.0238 -0 .4 0.277 0.001 1 0.0257 0.012 
0 ·1·16 -0.0356 0.0232 -0.6 6 0.302 -0.0033 0.0256 -0.039 
0. 189 
-0.0452 0.0221 -0.999 0.327 -0.0079 0.0254 -0.101 
0.522 
-0.0521 0.0216 -1.260 0.352 -0.0126 0.0252 -0.175 
0.557 
-0.0592 0 .0208 -1.5 2 0.376 -0.0174 0.0249 -0.263 
0.596 
-0.0690 0.0200 -2.063 0.401 -0.0225 0.0246 -0.366 
0.627 
-0.0760 0.0191 -2.490 0.424 -0.0275 0.0242 -0.-t 2 
0.627 
-0.0762 0.0192 -2.<194 0.449 -0.0329 0.0237 
-0.62,1 
0.627 
-0.0762 0 .0192 -2 .<194 0 .473 -0.0384 0.0232 
-0.7 5 
0.627 
-0.0762 0 .0192 -2.49·1 0.497 -0.0415 0.0227 
-0.909 
169 
Hun: 2000dvu Run: 2002dvu 
P1tch nt 0 75R 14 dcg Pitch at 0.75R = 14 deg 
A'<'ragl' HPl\1. 3007 Average RPM: 5015 
./ lT Cp 11 J Cr Cp TJ 
0 197 0 0727 0.0502 0.285 0.118 0.0932 0.0515 0.213 
0 216 0 065 0.0-1 6 0332 0.152 0.0904 0.0518 0.266 
0 29:! 0 0615 0.0.1 7 0370 0.179 0.0883 0.0521 0.303 
0 :U2 0.0551 00477 0395 0.208 0.0852 0.0522 0.339 
0 3,~ 0 047 0 0·161 0403 0.237 0.0817 0.0522 0.371 
0 155 () 0367 0 0431 0.3 7 0.270 0.0774 0.0519 0.402 
0 193 0 0300 0 0412 0359 0.299 0.0729 0.0513 0.425 
0 54 0 .0170 00369 0 252 0.329 0.0684 0.0507 0.445 
0 5 7 0 .0102 0 0351 0.170 0.357 0.0642 0.0500 0.457 
() 652 .Q 0017 0.0300 -0 103 0.391 0.0584 0.0489 0.467 
0 700 -0.0160 0 025 -0.433 0.419 0.0535 0.0480 0.467 
0 i.tO -0 0272 0 0222 -0.910 0.445 0.0479 0.0464 0.460 
o sot -0 .0426 0.015 -2. 170 0.479 0.0424 0.0454 0.447 
0 51 -0.0547 0.0101 -4.597 0.503 0.0378 0.0442 0.430 
0 S52 -0 05 1 0 0101 -4 612 0.533 0.0306 0.0418 0.390 
0. 52 -0.05 1 0.0101 -4.612 0.560 0.0253 0.0407 0.349 
0 ~52 -0 054 0.0 101 -·1612 0.597 0.0167 0.0378 0.263 
Hull' 200ldvu Run: 2003dvu 
P1tch at 0 .75R 14 deg Pitch at 0.75R = 14 deg 
Average RPM 1015 Average RPM: 5013 
J Or Cp 1] J Cr Cp 1J 
(} 117 0.0 3 0.0514 0.253 0.504 0.0350 0.0433 0.407 
0 185 () 0 ·19 0.051 0.303 0.533 0.0301 0.0422 0.379 
0 220 0 0797 0 0512 0.343 0.565 0.0227 0.0400 0.320 
0 256 0 0753 0 0510 0.379 0.584 0.0164 0.0374 0.257 
0 296 () 0700 0.0505 0.411 0.626 0.0077 0.0353 0.136 
0 :!3 0 0635 0.0·193 0.436 0.659 -0.0004 0.0325 
-0.009 
() 372 0 05 2 0.01 2 0.419 0.676 -0.004 0.0309 -0.105 
0 11 5 0 0509 0 0-166 0.453 0.707 -0.0126 
0.02 0 -0.320 
0 1·1 () 0-117 0 0-152 0. 143 0.74 -0.0232 0.0240 -0.723 
0 185 () 0363 0.0127 0.413 0.777 -0.0307 0.0210 
-1.137 
-0.03 4 0.01 0 -1.716 0 526 0 02 9 0.0109 0.372 o. 06 
-0.0467 0.0149 -2.619 0 556 0 0223 0.0390 0.31 0. 3 
0 600 0 0127 0.0359 0.212 
() 63 0 003 0 0330 0.074 
() 670 0 0014 0.0300 -0.099 
0.706 0 0 137 0.0266 -0.362 
0.7·11 0 0228 0.0232 -0.72 
170 
Run: 2005dvu Run: 201 1dvu 
P1tch at 0.75R = 14 deg Pitch at 0.75R = 39 deg 
Average RPM: 6033 Average RPM: 2994 
J Cr Cp 1J J Cr Cp 1J 
0 099 0.1071 0.0515 0.207 0.200 0.1543 0.2217 0.139 
0 124 0.1042 0.0518 0.249 0.253 0.1538 0.2218 0.175 
0 146 0.1017 0.0521 0.286 0.302 0.1531 0.2204 0.210 
0.171 0.0991 0.0525 0.323 0.350 0.1506 0.2172 0.243 
0 1 7 0.0968 0.0525 0.345 0.399 0.1492 0.2152 0.277 
0.221 0.0925 0.0527 0.388 0.447 0.1467 0.2123 0.309 
0 2-17 0.0 83 0.0526 0.414 0.507 0.1430 0.2090 0.347 
0 273 0.0 42 0.0523 0.439 0.554 0.1393 0.2060 0.375 
0 297 0.0802 0.0520 0.459 0.600 0.1359 0.2023 0.404 
0 325 0.0746 0.0514 0.472 0.648 0.1323 0.1980 0.433 
0 349 0.0707 0.0508 0.486 0.691 0. 1285 0.1947 0.456 
0 374 0.0666 0.0502 0.496 0.748 0.1248 0.1924 0.485 
0 399 0.0622 0.0494 0.503 0.788 0.1205 0.1908 0.498 
0 422 0.0579 0.0486 0.503 0.839 0.1164 0.1917 0.510 
0.444 0.0529 0.0472 0.497 0.893 0.1101 0.1907 0.515 
0 .46 0.0493 0.0468 0.493 0.943 0.1053 0.1913 0.519 
0.496 0.0433 0.0455 0.472 0.983 0.0999 0.1908 0.514 
Run: 2006dvu Run: 2012dvu 
Pitch at 0.75R = 14 deg Pitch at 0.75R = 39 deg 
Average RPM: 6020 Average RP M: 3011 
J Cr Cp 17 J Cr Cp 17 
0 ..J19 0.0568 0.04 8 0.4 8 0.841 0.1091 0.1898 0.484 
0 ,145 0.0523 0.0479 0.485 0.894 0.1037 0.1897 0.489 
0 467 0.0476 0.0469 0.474 0.944 0.0988 0.1902 0.490 
0196 0.0415 0.0-154 0.453 1.000 0.0910 0.1 95 0.480 
0.5 17 0.0372 0.0446 0.432 1.044 0.0824 0.1875 0.459 
0.517 0.0307 0.042 0.392 1.0 4 0.0753 0.1864 0.43 
0.568 0.0257 0.0413 0.354 1.140 0.0647 0.1 31 0.403 
0.592 0.0199 0.0397 0.296 1.184 0.0549 0.1791 0.363 
0.614 0.0151 0.0382 0.243 1.248 0.0403 0.1721 0.292 
0.646 0.0066 0.0354 0.121 1.277 0.0323 0.1674 0.246 
0.673 -0.0002 0.0330 -0.004 1.350 0.0144 0.1574 0. 124 
0.691 -0.0046 0.0314 -0.102 1.3 0 0.0073 0.1533 0.066 
0.721 -0.0130 0.02 5 -0.330 1.441 -0.00 6 0. 1426 -0.0 7 
0.746 -0.0199 0.0259 -0.573 1.474 -0.0172 0.1366 
-0.1 6 
0.768 -0.0253 0.0240 -0.809 1.543 -0.0361 0.1224 
-0.455 
0.797 -0.033,J 0.020 -1.2 1 1.569 -0.0446 
0.1154 -0.607 
0.815 -0.0379 0.0191 -1.618 1.647 -0.06 6 
0.0950 -1.191 
0.8 14 -0.0379 0.0191 -1.616 1.670 -0.0756 
0.0900 -1.404 
0.814 -0.0379 0.0191 -1.616 1.740 -0.09 9 
0.06 -2.503 
1.7 9 -0.1 160 0.0536 -3. 74 
l. 39 -0.1 322 0.037 -6.430 
1. 94 -0.1518 0.0204 -14.127 
1.927 -0.1620 0.0116 -26.997 
1.926 -0.1625 O.Ql15 -27.255 
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Ramoscr Technik + Design 
varioPROP 
9 .90 
F'tgs. 5 11 5 43 
Hun 19 9dvu Run: 1992dvu 
Pttch at 0 75R = 8 deg Pitch at 0.75R = 8 deg 
Awrage RPM · 3011 Average RPM: 6017 
J Cr Cp T/ J Cr Cp t] 
() 196 0 0039 0.0119 0.064 0.096 0.0167 0.0117 0.137 
0 2 13 -0.0021 0.0116 -0.044 0.122 0.0143 0.0116 0.150 
0 290 -0 .00 5 0.0112 -0.222 0.145 0.0119 0.0115 0.151 
0 3 13 -0 0165 0.0104 -0.543 0.169 0.0093 0.0113 0.138 
0 399 -0.0259 0.0095 -1.091 0.193 0.0064 0.0112 0.110 
0 113 -0.0330 0.00 7 -1.6 6 0.221 0.0029 0.0110 0.058 
0 1 1 -0 0·10·1 0.0078 -2.507 0.244 -0.0002 0.0107 -0.004 
0.5 11 -0.0522 0.0062 -4.606 0.268 -0.0036 0.0105 -0.093 
0 57 -0 .05 7 0.0052 -6.46 0.295 -0.0079 0.0102 -0.229 
Hun 1990dvu 0.317 -0.0114 0.0099 
-0.366 
0.338 -0.0148 0.0096 -0.522 
Pttch at 0 75R = deg 0.368 -0.0200 0.0091 -0. 06 A vcrage RP~l. 4024 0.390 -0.0238 0.0087 -1.065 
J Cr Cp t] 0.413 -0.0278 0.0084 -1.366 
0 1-12 0.0113 0.0118 0.136 
0 I 2 0.0064 0.0116 0.101 Run: 1993dvu 
0 21 0.001 0.0114 0.034 Pi tch at 0.75R = 8 deg 
0 252 -0. 002 O.Qll1 -0.063 Average RPM: 7021 
0 2 7 -0 .00 0 0.0107 -0.213 J Cr Cp '7 
0 334 -0 0155 0.0101 -0.511 0.084 0.0194 0.0119 0.137 
0 362 -0 0201 0.0097 -0.753 0.103 0.0176 0.011 0.154 
0 10 -0 027 0.00 9 -1.271 0.124 0.0155 0.0117 0.165 
0 133 -0.0324 0.00 4 -1.669 0.1-15 0.0132 0.0115 0.166 
0 1 0 -0 0110 0.0074 -2.65 0.165 0.010 0.0114 0.157 
0 5 10 -0 0465 0.0066 -3.577 0.1 9 0.007 0.0112 0.132 
0.209 0.0050 0.0110 0.095 
Run 1991dvu 0.230 0.0023 0.0108 0.04 
Pttch at 0 75R - deg 0.251 -0.000 0.0106 -0.020 
A vcrage RP~I : 5016 0.271 -0.0039 0.010-l -0.102 
J Cr Cp 1] 0.292 -0.0073 0.0101 -0.210 
0 116 0.0146 0.0117 0.144 0.312 -0.0107 0.0099 -0.339 
0 114 0.0119 0.0116 0.148 0.336 -0.0147 0.0095 -0.522 
0 177 0.00 2 0.0114 0.128 0.353 -0.0177 0.0092 -0.676 
0.203 0.0052 0.01 13 0.093 0.376 -0.0217 0.00 -0.923 
(} 235 0.0011 0.0110 0.024 0.396 -0.0253 0.00 5 -1.17 
0 266 -0.0032 0.0108 -0.079 0.417 -0.02 1 0.00 I -1.449 
0 29 1 -0.0075 0.0104 -0.213 
0 31 -0.011 1 0.0101 -0.351 
() 35 1 -0.0172 0.0096 -0.633 
() 3 0 -0.0215 0.0092 -0. 
0 11 2 -0.0273 0.00 5 -1.319 
() 139 -0.03 19 0.00 1 -1.737 
0 171 -0 03 0 0.0073 -2..137 
0 193 -0.0122 0.006 -3.060 
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Run 19 1dvu Run: 1983dvu 
P1tch at 0.75R = 20 deg Pitch at 0.75R = 20 deg Average RPM: 3004 Average RPM: 3997 J Cr Cp TJ J Cr Cp T] 0 194 0.0932 0.0667 0.271 0.618 0.0431 0.0525 0.507 0.244 0.0915 0.0657 0.339 0.658 0.0341 0.0479 0.468 0.2 9 0.0891 0.0647 0.398 0.692 0.0258 0.0435 0.411 0.336 0.0 66 0.0646 0.451 0.729 0.0175 0.0389 0.329 0.391 0.0818 0.0647 0.495 0.764 0.0093 0.0343 0.208 0.43 0.0764 0.0639 0.524 0.806 -0.0006 0.0287 
-0.018 0 493 0.0673 0.0618 0.536 0.844 -0.0095 0.0236 
-0.339 0 533 0 0591 0.0588 0.536 0. 0 -0.0178 0.0188 
-0.830 0 5 9 0.0465 0.0532 0.516 0.917 
-0.0264 0.0136 
-1.780 0 621 0.0397 0.0498 0.495 
Run : 1984dvu 0.690 0.0251 0.0421 0.412 
0 735 0.0156 0.0368 0.311 Pitch at 0.75R = 20 deg 
0 7 7 0.0047 0.0308 0.120 Average RP~I : 5026 
0 2 
-0.0045 0.0260 -0.145 J Cr Cp 1J 
-0.0149 0.0201 -0.6~9 0.114 0.0985 0.0669 0.167 
-0.0291 0.0118 
-2.298 0.148 0.0966 0.0652 0.218 
-0.0293 0.0118 -2.319 0.172 0.0970 0.0653 0.255 
0.203 0.0956 0.0644 0.301 
Run: 1982dvu 0.232 0.0946 0.0641 0.343 
Pitch at 0.75R = 20 deg 0.263 0.0935 0.0637 0.386 
Average RPM: 4004 0.291 0.0915 0.0634 0.420 
J Cr Cp T] 0.322 0.0 99 0.0636 0.455 
0.145 0.0966 0.0676 0.207 0.351 0.0 78 0.0634 0.4 7 
0.179 0.0955 0.0663 0.25 0.377 0.0 47 0.0628 0.509 
0 217 0.0941 0.0653 0.313 0.409 0.0 2 0.0633 0.535 
0 251 0.092-1 0.06-13 0.365 0.437 0.0797 0.0629 0.554 
0 296 0.0906 0.0640 0.419 0.463 0.0767 0.0627 0.567 
0 332 0.0 3 0.063 0.459 0.501 0.0716 0.061 0.580 
0 369 0.0 54 0.0636 0.495 0.527 0.0676 0.0609 0.5 6 
0. 105 0.0 20 0.0636 0.523 0.554 0.0632 0.0597 0.5 7 
0 137 0.07 4 0.0633 0.5~2 0.581 0.05 6 0.0582 0.5 5 
0 iJ77 0.0733 0.0626 0.559 
0.5 10 0.06 l 0.0616 0.564 
0.553 0.0601 0.0592 0.560 
0.584 0.0536 0.056 0.551 
0.624 0.0437 0.0523 0.522 
0.655 0.0364 0.04 7 0.490 
0 693 0.0274 0 .0~41 0.431 
0.729 0.01 0.0393 0.349 
173 
Run. 19 5dvu Run: 1987dvu 
Pitch at 0.75R = 20 deg Pitch at 0.75R = 20 deg Average RPM: 5005 Average RPM: 6026 J Cr Cp 11 J Cr Cp 11 0.494 0.0707 0.0618 0.565 0.409 0.0823 0.0633 0.532 0.527 0.0660 0.0608 0.571 0.434 0.0796 0.0630 0.548 0 549 0.0623 0.0598 0.572 0.457 0.0773 0.0630 0.560 0.5 3 0.0561 0.0579 0.565 0.486 0.0732 0.0622 0.572 0.605 0.0508 0.0555 0.553 0.513 0.0695 0.0616 0.580 0 64 0.0418 0.0518 0.523 0.533 0.0665 0.0609 0.581 0 671 0.0362 0.0489 0.497 0.555 0.0626 0.0600 0.580 0.697 0.0304 0.0458 0.462 0.579 0.0585 0.0587 0.577 0.725 0.0231 0.0421 0.398 0.611 0.0528 0.0570 0.566 0 762 0.0139 0.0368 0.2 9 0.629 0.0479 0.0547 0.552 
0 791 0.0069 0.0328 0.167 0.634 0.0409 0.0500 0.519 
0. 22 
-0.0010 0.0283 -0.030 0.684 0.0366 0.0499 0.502 
0 47 -0.0071 0.0247 
-0.244 0.706 0.0314 0.0472 0.469 
0. 7 
-0.0147 0.0201 
-0.643 0.726 0.0259 0.0445 0.423 
0.909 -0.0226 0.0155 -1.319 0.755 0.0184 0.0404 0.345 
0.937 -0.0297 O.D113 -2.459 0.776 0.0134 0.0376 0.277 
0.967 -0.0371 0.0071 
-5.067 0.799 0.0075 0.0341 0.175 
Run: 1986dvu 0.823 0.000 0.0303 0.022 
0. 53 -0.0070 0.025 
-0.231 Pitch at 0.75R = 20 deg 
0. 76 -0.0129 0.0222 -0.511 Average RP~I : 6033 
0.903 -0.0200 O.Dl 0 -1.004 J Cr Cp 1} 
0.925 -0.025 0.0144 -1.655 0 099 0.0997 0.066 0.1·1 
0.953 -0.0334 0.0099 -3.224 0 122 0.0991 0.0662 0.1 3 
0 150 0.09 6 0.0654 0.227 Run: 2023dvu 
0 169 0.09 2 0.0649 0.255 Pitch at 0. 75R = 39 deg 
0.193 0.0972 0.0643 0.292 A,·erage RPM : 3011 
0.216 0.0965 0.0639 0.326 J Cr Cp 11 
0.2<14 0.0957 0.0636 0.367 0.19-1 0.1334 0.200 0.129 
0 26 0.0917 0.0635 0.399 0.2-13 0.1341 0.2023 0.161 
0.291 0.0931 0.0632 0.42 0.291 0.132 0.2014 0.192 
0.316 0.0914 0.0634 0.457 0.339 0.1304 0.19 9 0.222 
0.340 0.0899 0.0636 0.4 1 0.390 0.12 0 0.1970 0.254 
0.362 0.0884 0.0636 0.503 0.43 0.1249 0.1943 0.2 2 
0 390 0.0 62 0.0636 0.52 0.492 0.1212 0.1900 0.314 
0 413 0.0 41 0.0635 0.547 0.535 0.117 0.1 70 0.337 
0.436 0.0 06 0.0627 0.560 0.591 0.1135 0.1 26 0.367 
0.460 0.07 3 0.0629 0.573 0.635 0.1096 0.1791 0.3 
0 4 6 0.0750 0.0624 0.5 4 0.689 0.1050 0.1752 0.413 
0.733 0.1002 0.1716 0.42 
0.777 0.0960 0.1699 0.439 
0. 21 0.0915 0.16 0 0.447 
0. 2 0.0 51 0.16-15 0.457 
0.927 0.0 06 0.1635 0.457 
0.96 0.074 0.1610 0.450 
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Run 2024dvu Run: 2026dvu 
Pttch at 0 75R = 39 deg Pitch at 0.75R = 39 deg 
Average RPM: 3015 Average RPM: 4021 
J Cr Cp TJ J Cr Cp TJ 
0.8 14 0.0906 0.1663 0.444 0.620 0.1095 0.1791 0.379 
0.862 0.0857 0.1643 0.449 0.650 0.1058 0.1749 0.393 
0.923 0.0787 0.1611 0.451 0.687 0.1018 0.1711 0.408 
0.966 00738 0.1598 0.446 0.720 0.0979 0.1685 0.418 
1 010 0.0679 0.1579 0.434 0.762 0.0966 0.1705 0.432 
1 05 1 0.0615 0.1556 0.417 0.792 0.0928 0.1672 0.440 
1.115 0.0522 0.1512 0.385 0.828 0.0898 0.1665 0.447 
1.154 0.0159 0.1482 0.357 0.884 0.0859 0.1667 0.455 
1.197 0.03 8 0.1452 0.320 0.914 0.0799 0.1606 0.455 
1.263 0.0268 0.1386 0.245 0.937 0.0769 0.1589 0.454 
1.300 0.0191 0.1337 0.186 0.994 0.0715 0.1588 0.448 
1.368 0.0035 0.1229 0.039 1.009 0.0695 0.1584 0.443 
1 399 -0.0029 0.1188 -0.035 1.054 0.0637 0.1565 0.429 
1457 -0.0176 0.1078 -0.23 1.086 0.0583 0.1534 0.413 
1.509 -0.0312 0.0962 -0.490 1.133 0.0524 0.1524 0.390 
1.560 -0.0454 0.0844 -0. 38 1.161 0.0474 0.1492 0.368 
1.580 -0.0508 0.0797 -1.007 1.187 0.0432 0.1477 0.347 
1.660 -0.0732 0.0595 -2.041 1.243 0.0337 0.1435 0.292 
1.710 -0.0882 0.0468 -3.225 1.281 0.0270 0.1405 0.246 
1.755 -01008 0.0352 -5.027 1.301 0.0247 0.1401 0.229 
1.79 -0.1138 0.0243 -8.412 1.348 0.0134 0.1325 0.137 
1.850 -0.1299 0.0113 -21.1 0 1.372 0.00 6 0.1297 0.091 
l. 51 -0.1297 0.0116 -20.614 1.415 -0.0019 0.1226 -0.022 
1.461 -0.0139 0.1137 -0.179 
Run: 2025dvu 
Pitch a.L 0.75R = 39 deg 
Average RPM: 4000 
J Cr Cp 1] 
0. 1·16 0.133 0.197 0.099 
0 18 0.1355 0.2020 0.126 
0 220 0.1360 0.2032 0.14 
0.257 0.1350 0.2023 0.171 
0.294 0.1342 0.2014 0.196 
0.332 0.1319 0.1991 0.220 
0.368 0. 1302 0.1976 0.243 
0.403 0.1285 0.1960 0.264 
0. 14 0 0.1257 0.1934 0.2 6 
0.473 0.1227 0.1906 0.30-1 
0.516 0.1203 0.1 4 0.329 
0.548 0. 11 79 0.1862 0.347 
0.582 0.11 51 0.1838 0.365 
0.623 0.1123 0.1814 0.3 6 
0.649 0.111 1 0.1 04 0.400 
0.6 0.1038 0.1712 0.417 
0.725 0.1029 0.172 0.432 
175 
Great Planes Great Planes 
Power Flow Power Flow 
10x3.5 10x 3.5 
With tiplets Tiplets R emoved 
Figs. 6.4 6.6 Figs. 6.4- 6.6 
Run: 2053dvu Run: 2048dvu 
Average RPM: 60l0 Average RPM: 6006 
J CT Cp 1J J CT Cp TJ 
0.096 0.1173 0.0507 0.223 0.097 0.1147 0.0502 0.221 
0.120 0.1138 0.0507 0.269 0.122 0.1092 0.0491 0.272 
0.144 0.1096 0.0504 0.314 0.151 0.1063 0.0496 0.323 
0.174 0.1040 0.0498 0.363 0.169 0.1030 0.0492 0.353 
0.194 0.0999 0.0492 0.394 0.192 0.0979 0.0484 0.390 
0.216 0.0952 0.0485 0.425 0.215 0.0933 0.0477 0.421 
0.240 0.0901 0.0477 0.452 0.238 0.0883 0.0469 0.448 
0.265 0.0835 0.0466 0.476 0.266 0.0814 0.0457 0.473 
0.289 0.0776 0.0455 0.493 0.290 0.0755 0.0447 0.489 
0.315 0.0703 0.0443 0.500 0.315 0.0687 0.0435 0.497 
0.339 0.0640 0.0432 0.502 0.338 0.0625 0.0424 0.498 
0.364 0.0566 0.0419 0.492 0.363 0.0550 0.0410 0.487 
0.385 0.0506 0.0407 0.480 0.385 0.0487 0.0398 0.472 
0.411 0.0431 0.0391 0.453 0.411 0.0411 0.0382 0.442 
0.434 0.0362 0.0377 0.417 0.432 0.0349 0.0370 0.409 
0.460 0.0285 0.0361 0.363 0.460 0.0263 0.0352 0.343 
0.481 0.0221 0.0347 0.305 0.481 0.0199 0.0340 0.282 
Run: 2054dvu Run: 2049dvu 
Average RPM: 6009 Average RPM: 6008 
J CT Cp TJ J CT Cp f1 
0.406 0.0426 0.0384 0.451 0.404 0.0409 0.0380 0.435 
0.431 0.0360 0.0373 0.417 0.432 0.0334 0.0367 0.392 
0.456 0.0284 0.0357 0.363 0.455 0.0263 0.0353 0.338 
0.477 0.0220 0.0344 0.305 0.481 0.0185 0.0337 0.264 
0.504 0.0132 0.0324 0.204 0.508 0.0096 0.0319 0. 153 
0.533 0.0039 0.0304 0.068 0.528 0.0028 0.0305 0.049 
0.554 -0.0032 0.0287 -0.061 0.556 -0.0066 0.0283 -0.129 
0.581 -0.0122 0.0266 -0.267 0.572 -0.0125 0.0270 -0.266 
0.599 -0.0181 0.0251 -0.432 0.606 -0.0243 0.0242 -0.610 
0.628 -0.0285 0.0225 -0.794 0.628 -0.0326 0.0222 -0.920 
176 
Great Planes 
Power Flow 
10x 4.5 
With tiplets 
F1g~> 611613 
Run- 2034dvu Run: 2037dvu Average RPM: 4010 Average RPM: 6005 
J Cr Cp 17 J Cr Cp 17 0.142 0.1170 0.0564 0.294 0.407 0.0644 0.0499 0.525 0.188 0.1074 0.0552 0.366 0.430 0.0572 0.0483 0.510 
0.220 0.1009 0.0543 0.408 0.456 0.0485 0.0461 0.480 
0.250 0.0937 0.0531 0.440 0.481 0.0406 0.0442 0.443 
0.2 7 0.0844 0.0513 0.472 0.507 0.0323 0.0421 0.390 
0 327 0.0750 0.0497 0.493 0.528 0.0255 0.0404 0.333 
0 365 0 0650 0.0478 0.497 0.556 0.0164 0.0379 0.241 
0 399 0 0561 0.0461 0.486 0.577 0.0093 0.0360 0.150 
0.43 0.0454 0.0438 0.454 0.603 0.0005 0.0334 0.009 
0 ·169 0 0368 0.0420 0.411 0.619 -0.0053 0.0317 -0.103 
0 509 0 0251 0.0393 0.325 0.652 -0.0170 0.0279 -0.396 
0 540 0.0160 0.0372 0.233 0.670 -0.0236 0.0260 -0.608 
0 579 0.0037 0.0339 0.063 0.702 -0.0352 0.0227 -1.091 
0 612 -0.0069 0.0311 -0.137 0.701 -0.0353 0.0226 -1.093 
0.650 -0.0200 0.0273 -0.476 
0.685 -0.0321 0.0239 -0.922 
0.721 -0.0454 0.0197 -1.664 
Run: 2036dvu 
Average RPM: 6018 
J Cr Cp 17 
0 109 0.1353 0.0615 0.239 
0 122 0 1336 0.0616 0.265 
0 117 0.1296 0.0615 0.309 
0 170 0.1257 0.0611 0.349 
0 192 0 1216 0.060 0.3 3 
0.215 0.1170 0.0604 0.417 
0 241 0.1117 0.0597 0.450 
0.261 0.1062 0.05 8 0.476 
0.290 0.0995 0.0576 0.500 
0.313 0.0934 0.0566 0.517 
0.339 0.0861 0.0549 0.531 
0.361 0.0796 0.0536 0.536 
0.387 0.0719 0.0517 0.537 
0.410 0.0651 0.0503 0.531 
0.435 0.0571 0.0482 0.515 
0.453 0.0513 0.0·168 0.497 
0.4 3 0.0417 0.0-143 0.455 
177 
Great P lanes 
Power Flow 
10 x 4.5 
Tiplets Removed 
Figs. 6.11 6.13 
Run 2039dvu Run: 2041dvu 
Average RPM: 4013 Average RPM: 6000 
J Cr Cp 11 J Cr Cp 11 0.142 0.1150 0.0550 0.297 0.408 0.0609 0.0482 0.515 
0.176 0.1085 0.0543 0.352 0.435 0.0527 0.0463 0.496 
0.216 0.0995 0.0528 0.407 0.460 0.0448 0.0443 0.465 
0 253 0.0911 0.0514 0.449 0.481 0.0382 0.0427 0.431 
0.285 0.0837 0.0501 0.476 0.508 0.0294 0.0403 0.370 
0.32 0 0727 0.0480 0.497 0.529 0.0220 0.0384 0.304 
0.360 0.0647 0.0464 0.502 0.555 0.0130 0.0359 0.202 
0 402 0 0534 0.0441 0.488 0.581 0.0042 0.0335 0.072 
0.43-1 0 0450 0.0423 0.461 0.603 -0.0037 0.0313 -0.071 
0.473 0.0340 0.0399 0.402 0.627 -0.0121 0.0290 -0.262 
0.505 0.0248 0.0378 0.331 0.651 -0.0208 0.0266 -0.511 
0.541 0.0124 0.0347 0.194 0.676 -0.0295 0.0240 -{).831 
0.581 0.0006 0.0317 0.011 
0.617 -0 0107 0.0288 -0.230 
0.651 -0.0238 0.0252 -0.615 
0.690 -0.0371 0.0213 -1.202 
0.721 -0.0485 0.0181 -1.928 
Run: 2040dvu 
Average RPM: 6013 
J Cr Cp 11 
0.101 0.1306 0.0591 0.224 
0.121 0.1279 0.0591 0.263 
0.146 0.1242 0.0590 0.307 
0.171 0.1201 0.0587 0.350 
0 191 0 1163 0.0584 0.381 
0.217 0.1115 0.0580 0.417 
0.240 0.1070 0.0574 0.446 
0.266 0.1009 0.0565 0.475 
0 289 0 0953 0.0556 0.496 
0.313 0.0895 0.0546 0.512 
0.339 0.0 22 0.0531 0.524 
0.361 0.0761 0.0519 0.530 
0.387 0.06 5 0.0501 0.530 
0.410 0.0619 0.0486 0.522 
0 137 0.0533 0.0-163 0.502 
0.458 0.0468 0.0148 0.47 
0.483 0.0390 0.0128 0.440 
178 
Great Planes 
Power F low 
ll x 4.5 
W ith Tiplets 
Figs. 6.21 6.23 
Run 2066dvu Run: 2068dvu 
Average RPM : 3020 Average RPM: 5005 
J CT Cp 17 J CT Cp '1 0.173 0.0849 0.0420 0.350 0.444 0.0357 0.0349 0.453 
0.213 0.0779 0.0110 0.406 0.469 0.0293 0.0336 0.409 
0.259 0.0685 0.0393 0.451 0.502 0.0197 0.0312 0.317 
0 301 0.0588 0.0370 0.477 0.529 0.0119 0.0292 0.216 
0.345 0.0192 0.0355 0.478 0.548 0.0063 0.0278 0.125 
0 387 0 0394 0.0335 0.455 0.580 -0.0037 0.0251 -0.085 
0.443 0.0278 0.0321 0.385 0.607 -0.0124 0.0229 -0.327 
0.474 0.0185 0.0295 0.297 0.634 -0.0214 0.0205 -0.663 
0.530 0.0043 0.0267 0.086 0.660 -0.0298 0.0181 -1.088 
0 574 -0 0089 0.0234 -0.219 0.684 -0.0379 0.0159 -1.626 
0.612 -0.0233 0.0187 -0.763 0.707 -0.0455 0.0139 -2.314 
0.662 -0.0371 0.0157 -1.558 0.737 -0.0553 0.0113 -3 .596 
0.706 -0.0504 0.0124 -2.860 0.736 -0.0554 0.0112 -3.627 
0.748 -0.0658 0.0078 -6.336 
0.755 -0.0671 0.0079 -6.401 
Run: 2067dvu 
Average RPM: 5019 
J CT Cp 17 
0.106 0.1116 0.0..182 0.246 
0.133 0.1090 0.0487 0.298 
0 157 0.1039 0.0480 0.340 
0.184 0.0994 0.0477 0.383 
0 209 0.0918 0.()..172 0.420 
0.235 0.0900 0.0466 0.453 
0.262 0.0 57 0.0462 0.487 
0.288 0.0799 0.0450 0.511 
0.315 0.0730 0.()..133 0.531 
0.341 0.0663 0.0418 0.540 
0.369 0.0588 0.0402 0.540 
0.398 0.0506 0.0384 0.524 
0.417 0.0-137 0.0365 0.500 
0.442 0.0356 0.0343 0.460 
0.476 0.0279 0.0329 0.403 
0.501 0.0204 0.0309 0.330 
0.525 0.0122 0.0286 0.225 
179 
Great Planes 
Power F low 
llx4.5 
Tiplets R em oved 
Figs 6 21- 6.23 
Run· 2062dvu Run: 2064dvu 
A vcrage RPM · 3005 Average RPM: 5002 
J Cr Cp f1 J Cr Cp T7 0 176 0.0841 0.0396 0.373 0.445 0.0377 0.0329 0.511 
0.218 0.0775 0.0389 0.433 0.471 0.0308 0.0312 0.465 
0 262 0.0701 0.0379 0.484 0.502 0.0227 0.0291 0.391 
0.302 0.0626 0.0367 0.516 0.524 0.0166 0.0276 0.315 
0.348 0.0532 0.0351 0.528 0.550 0.0090 0.0258 0.191 
0 396 0.0425 0.0329 0.512 0.581 -0.0006 0.0235 -0.016 
0 113 0.030 0.0306 0.447 0.596 -0.0056 0.0223 -0.150 
0 479 0.0223 0.0287 0.372 0.632 -0.0171 0.0194 -0.558 
0.534 0.0068 0.0251 0.144 0.658 -0.0257 0.0171 -0.986 
0.564 -0.0017 0.0231 -0.041 0.685 -0.0348 0.0148 -1.613 
0.617 -0.0183 0.0192 -0.590 0.712 -0.0441 0.0123 -2.549 
0 665 -0.0338 0.0153 -1.470 0.738 -0.0533 0.0098 -4.008 
0.699 -0.0455 0.0122 -2.617 0.765 -0.0625 0.0073 -6.585 
0 718 -0.0621 0.0079 -5.898 
0 747 -0.0619 0.0079 -5.891 
Run· 2063dvu 
Average RPM: 5012 
J Cr Cp T/ 
0.1 0·1 0.1068 0.0456 0.244 
0.136 0.1023 0.0454 0.306 
0.160 0.0974 0.0446 0.350 
0 187 0.0921 0.0435 0.395 
0.210 0.0879 0.0429 0...131 
0.235 0.0831 0.0420 0.465 
0.266 0.0773 0.0410 0.502 
0.289 0.0727 O.Q..tOO 0.526 
0 316 0.0678 0.0392 0.547 
0 34 1 0.0624 0.0380 0.560 
0 370 0.0562 0.036 0.564 
0 395 0.0503 0.0357 0.557 
0.420 0.0440 0.0344 0.53 
0.449 0.0366 0.0326 0.504 
0 470 0.0309 0.0312 0.466 
0 501 0.0227 0.0291 0.391 
0.527 0.0153 0.0273 0.295 
180 
APC 
Slo-Fiyer 
10 x 3.8 
Figs. 611 6.6 
Run: 20-14dvu 
Average RPM· 6010 
J Cr Cp TJ 
0 100 0.0958 0.0399 0.239 
011 0.09·12 0.0401 0.278 
0 146 0.0900 0.0397 0.331 
0 169 0.0866 0.0393 0.372 
0 191 0.0831 0.0389 0.408 
0 216 0.0789 0.0384 0.444 
0 243 0.0741 0.0377 0.477 
0 266 0.0699 0.0371 0.501 
0 289 0.0656 0.0364 0.520 
0 313 0.0604 0.0356 0.532 
0 340 0.0547 0.0347 0.536 
0 362 0.0499 0.0340 0.533 
0 381 0.0456 0 0333 0.522 
0410 0.0387 0.0319 0.498 
0.430 0.0338 0.0309 0.470 
0.457 0.0264 0.0292 0.413 
0 477 0.0211 0.0281 0.359 
Run 2045dvu 
Average RP~I: 6007 
J Cr Cp TJ 
0.408 0.0377 0.0316 0.486 
0 431 0.0320 0.0304 0.454 
0 160 0.0241 0.02 6 0.3 7 
0.480 0.0189 0.0275 0.330 
0.50 0.0113 0.025 0.222 
0.532 0.0040 0.0243 0.088 
0 548 -0.0006 0.0233 -0.013 
0 580 -0.0106 0.0210 -0.292 
0.60-1 -0.0177 0.019·1 -0.551 
0.62 -0.0252 0.0177 -0. 92 
0.651 -0.0322 0.0160 -1.308 
181 
APC 
Slo-Flycr 
10 x 4.7 
Figs. 6.11-6.13 
Run : 2056dvu Run : 2058dvu 
Average RPM: 4014 Average RP11: 6008 
J Cr Cp TJ J Cr Cp '7 
0.141 0.0981 0.0444 0.311 0.407 0.0562 0.0300 0.588 
0.176 0.0929 0.0438 0.373 0.431 0.0506 0.0375 0.582 
0.215 0.0868 0.0431 0.433 0.456 0.0446 0.0359 0.567 
0.250 0.0 11 0.0423 0.479 0.481 0.0384 0.0342 0.540 
0.287 0.0747 0.0413 0.518 0.507 0.0314 0.0323 0.492 
0 330 0.0670 0.0402 0.549 0.529 0.0252 0.0306 0.435 
0.364 0.0601 0.0388 0.563 0.553 0.0178 0.0287 0.343 
0.401 0.0521 0.0370 0.565 0.573 0.0124 0.0272 0.260 
0.433 0.0451 0.0354 0.552 0.600 0.0039 0.0248 0.095 
0.478 0.0344 0.0327 0.502 0.624 -0.0037 0.0225 -0.102 
0.507 0.0269 0.0309 0.441 0.653 -0.0130 0.0199 -0.426 
0.547 0.0159 0.0281 0.308 0.676 -0.0203 0.0177 -0.776 
0.586 0.0048 0.0251 0.111 0.700 -0.0285 0.0153 -1.303 
0 611 -0 .0027 0.0231 -0.070 
0 657 -0.0167 0.0192 -0.570 
0 676 -0.0225 O.Q176 -0.865 
0.722 -0 .0377 0.0133 -2.043 
Run 2057dvu 
Average RPM: 6020 
J Cr Cp TJ 
0.096 0.1161 0.0498 0.225 
0.118 0.1121 0.0492 0.269 
0 146 0.1075 0.04 6 0.323 
0 171 0.1029 0.0179 0.36 
0.191 0.0993 0.0472 0.402 
0 216 0.09·19 0.0465 0.441 
0 241 0.0905 0.0-15 0.476 
0.266 0.0 62 0.0451 0.508 
0.289 0.0819 0.0444 0.533 
0 315 0 0772 0.0-136 0.557 
0.338 0.0725 0.0-127 0.574 
0.362 0.0678 0.0418 0.587 
0 38·1 0.0627 0.0406 0.593 
0.410 0.0572 0.0392 0.598 
o .. J33 0.0519 0.037 0.593 
0 458 0.0159 0.0362 0.581 
0 483 0.0391 0.0344 0.552 
1 2 
APC 
Slo-Fiyer 
11 x 4 .7 
Figs 6.21- 6 .23 
Run 2070dvu 
Average RPM: 3007 Run: 2072dvu J Cr Cp 1] Average RPM: 5007 0.177 0.0848 0.0423 0.354 J Cr Cp 17 0 218 0.0769 0.0408 0.4 11 0.444 0.0337 0.0347 0.431 0 25 0.0696 0.0396 0.453 0.471 0.0256 0.0327 0.368 0306 0.0597 0.0381 0.480 0.500 0.0172 0.0308 0.279 0.345 0.0512 0.0365 0.484 0.527 0.0089 0.0288 0.163 0 38-1 0.0420 0.0350 0.460 0.551 0.0018 0.0271 0.036 0.446 0.0258 0.0320 0.360 0.580 -0.0080 0.0247 
-0.189 0 180 0.0167 0.0300 0.267 0.606 -0.0165 0.0226 -0.443 0 530 0.0031 0.0270 0.060 0.633 -0.0255 0.0203 -0.793 0 562 -0.0063 0.0247 -0.144 0.659 -0.0342 0.0180 -1.255 
0 623 -0.0255 0.0202 -0.785 0.685 -0.0432 O.Dl55 -1.907 
0.661 -0.0381 0.0170 -1.483 0.714 -0.0519 0.0140 -2.646 
0.708 -0.0545 0.0126 -3.074 0.733 -0.0578 0.0134 -3.164 
0 743 -0.0679 0.00 8 -5.761 0.757 -0.0651 0.0131 -3.768 
0 742 -0.0676 0.00 7 -5.761 
0 742 -0.0676 0.0087 -5.761 
0 742 -0.0676 0.0087 -5.761 
Run 207ldvu 
Average RP~l: 5016 
J Cr Cp 1] 
0 103 0.1101 0.0485 0.235 
0 130 0.1064 0.0484 0.2 5 
0 159 0.1021 0.0-181 0.337 
0 183 0.0977 0.0475 0.376 
0 210 0.0925 0.0468 0.415 
0 235 0.0877 0.0<160 0.448 
0.262 0.0 14 0.0447 0.478 
0 2 9 0.0758 0.()435 0.503 
0 314 0 069 0.0423 0.518 
0 343 0 0619 0.0406 0.523 
0 369 0.055 1 0.0393 0.517 
0 395 0.0174 0.0376 0.49 
0 12J 0.0105 0.0361 0.471 
0 149 0.0318 0.03<11 0.419 
0 166 0.0270 0.0330 0.3 1 
0 501 0.0165 0.0305 0 271 
0 523 0 0100 0.0290 0.1 0 
1 3 
APC 
Thin Electric 
7 x 5 
Figs N/ A 
Run : 2080dvu 
Average RPM: 3998 
J Cr Cp 'T/ 
0.205 0.0950 0.0594 0.328 
0.259 0.0846 0.0584 0.376 
0.307 0 0738 0.0562 0.401 
0.354 0.0643 0.0532 0.428 
0.411 0.0541 0.0510 0.436 
0.470 0 0441 0.0492 0.421 
0.515 0.0351 0.0469 0.386 
0.577 0.0225 0.0430 0.302 
0.623 0.0123 0.0398 0.192 
0.684 -0.0017 0.0346 -0.033 
0.725 -0.0114 0.0303 -0.274 
0.784 -0.0270 0.0243 -0.871 
0.827 -0.0391 0.0198 -1 .629 
0. 86 -0.0556 0.0131 -3.766 
0.938 -0.0712 0.0066 -10.149 
0 937 -0.0713 0.0064 -10.390 
0.937 -0 0713 0.0064 -10.390 
Run· 2081dvu 
Average RPM: 6013 
J Cr Cp 'T/ 
0. 136 0.1043 0.0577 0.247 
0.171 0.1008 0.0579 0.299 
0.20-1 0 0975 0.0583 0.340 
0 238 0.0938 0.0588 0.381 
0.277 0.0 89 0.0593 0.414 
0.313 0.0824 0.0591 0.436 
0.346 0.0748 0.0579 0.447 
0.383 0.0655 0.0558 0.450 
0.4 14 0.0583 0.0539 0.44 
0.452 0.0499 0.0518 0.436 
0.484 0.0432 0.0500 0.418 
0.5 16 0 0362 0.0-179 0.390 
0 555 0.0274 0.0452 0.337 
0.586 0 020 0.0-129 0.284 
0 621 0.0126 0.0402 0.196 
0.655 0.0057 0.0376 0.099 
0 692 -0.003 I 0.0343 -0.062 
184 
APC 
Sport 
13 x 6 
Figs. N/A 
Run: 2075dvu Run : 2078dvu 
A vera.ge RPM: 2997 Average RPM: 5012 
J Cr Cp 1J J Cr Cp 1J 0.149 0.0678 0.0323 0.313 0.376 0.0399 0.0271 0.554 
0.1 6 0.0623 0.0318 0.365 0.396 0.0362 0.0259 0.554 
0.218 0.0574 0.0312 0.402 0.425 0.0304 0.0240 0.538 
0.258 0.0506 0 0300 0.435 0.443 0.0269 0.0228 0.522 
0.293 0.0452 0.0287 0.461 0.469 0.0220 0.0211 0.489 
0.332 0.0380 0.0267 0.473 0.484 0.0191 0.0201 0.461 
0.369 0.0324 0.0249 0.480 0.510 0.0133 0.0177 0.385 
0.412 0.0251 0.0224 0.463 0.533 0.0095 0.0162 0.312 
0.449 0.0189 0.0199 0.426 0.558 0.0050 0.0144 0.196 
0.4 6 0.0126 0.0174 0.350 0.579 0.0010 0.0126 0.048 
0.523 0 0062 0.0150 0.217 0.602 -0.0032 0.0106 -0.184 
0.559 -0.0003 0.0122 -0.014 0.624 -0.0078 0.0085 -0.575 
0 597 -0.0076 0.0090 -0.501 
Run: 2076dvu 
Average RPM: 4993 
J Cr Cp 1J 
0.135 0.0796 0.0322 0.334 
0.157 0.0773 0.0326 0.372 
0.1 0 0.0749 0.0327 0.411 
0.204 0.0720 0.0329 0.446 
0.224 0.0694 0.0328 0.473 
0.246 0.0656 0.0324 0.499 
0.269 0.0623 0.0321 0.520 
0.2 9 0.0583 0.0314 0.537 
0.3 11 0.0541 0.0307 0.548 
0.335 0.0491 0.0295 0.557 
I 0.353 0.0455 0.02 6 0.561 0.3 0 0.0394 0.0270 0.555 0.399 0.0355 0.0256 0.553 0.422 0.0307 0.0240 0.540 
l 
I 
0.4•13 0.0267 0.0226 0.522 
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APC 
Thin Eletric 
15 x lOE 
Figs. N/ A 
Run· 2083dvu 
Average RPM: 2992 
0.129 0.0901 0.0391 0.298 
0.156 0.0894 0.0396 0.352 
0.191 0.0852 0.0393 0.415 
0.225 0.0828 0 0397 0.469 
0.259 0.0814 0.0406 0.520 
0.295 0.0779 0.0408 0.563 
0.325 0.0740 0.0406 0.592 
0.358 0.0695 0.0403 0.618 
0 384 0.0635 0.0387 0.630 
0.116 0.0601 0.0386 0.648 
0152 0.0528 0.0363 0.657 
0.4 4 0.0460 0.0341 0.653 
0.514 0.0396 0.0315 0.645 
0.540 0.0336 0.0290 0.627 
0.581 0 0251 0.0252 0.581 
0.607 0.0203 0.0230 0.538 
0.640 0.0144 0.0201 0.460 
Run . 2084dvu 
Average RPM : 3001 
J Cr Cp 11 
0.53 0.0339 0.0292 0.625 
0.576 0.0262 0.0257 0.5 7 
0.605 0.0209 0.0233 0.543 
0.641 0.0143 0.0201 0.456 
0 67 0.0076 0.0169 0.304 
0.70-1 0.0026 0.0145 0.127 
0 740 -0.00 18 0.010 -0.327 
0.768 -0.010-1 0.0079 -1.007 
0.76 -0.0104 0.00 0 -1.001 
186 
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